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Background 

Civil  defense  planners  require  reliable  criteria  for  the  estimation 
of  nuclear  weapons  air  blast  dosage  to  a  wide  variety  of  urban  structures 
for  use  in  strike  damage  analyses,  damage  limiting  studies,  shelter  cost 
effectiveness  studies  and  for  other  purposes.  Such  criteria,  to  be  of 
maximum  use,  should  be  available  in  numerical  probabilistic  form. 

Currently,  available  structural  damage  information  is  limited  to 
(1)  generalized  information,  (2)  structural  damage  criteria  prepared  for 
offensive  planning  purposes,  (3)  reports  of  full  scale  experiments  in¬ 
volving  exposure  of  very  limited  structural  types  to  low  yield  weapons, 
and  (4)  laboratory  and  analytical  work  relating  to  specific  structural 
designs.  Because  of  the  very  wide  variability  of  strengths  of  existing 
structures  and  components  within  a  given  defined  type,  the  available  in¬ 
formation  is  considered  to  be  severely  limited,  particularly  from  a 
probabilistic  standpoint. 

Objective 

The  objectives  cf  this  work  were:  (1)  to  develop  a  probabilistic 
system  of  describing  the  variability  of  s'  ruetural  failure  criteria  as 
functions  of  nuclear  explosion  air  blast  parameters,  (2)  to  construct  a 
preliminary  set  of  axr  blast  failure  criteria  distribution  functions  for 
a  cross  section  of  urban  structural  types  and  components,  and  (3)  to 
present  failure  criteria  probability  statements,  derived  from  the  distri¬ 
bution  functions,  in  3  readily  usable  numerical  form  fcr  use  by  civil 
defense  planners. 
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An  associated  objective  was  to  develop  del initions  of  failure  for 
building  components  and  complete  buildings  which  are  meaningful  for  civil 
defense  casualty  estimation,  physical  damage  estimation  and  recovery 
planning. 

Failure  Variability 

Many  factors  serve  to  produce  a  relatively  wide  variability  in  the 
fiee  field  air  blast  environment  at  which  a  given  structural  type  will 
collapse  or  fail.  The  factors  include: 

Structural  Variability 

Apparent  identical  structures  will  exhibit  a  wide  range  of  resist¬ 
ance  to  air  blast  loads  due  to  design  differences,  differences  in  mate¬ 
rial  strengths,  age,  quality  of  workmanship,  previous  loading  experience, 
etc. 

Air  Blast  Loading  Variability 

Considerable  variabilities  also  exist  in  the  air  blast  loading 
experienced  by  similar  structures  located  at  equal  distances  from  a 
nuclear  explosion  but  in  different  atmospheric,  topographical,  and  urban 
environments.  The  variations  of  size,  shape,  and  degree  of  openings 
also  cause  variabilities  in  loading.  The  yield  of  an  explosion  also 
affects  loading  at  given  air  blast  parameter  locations. 

Failure  Definitions 

The  concept  of  failure  utilized  herein  is  one  of  ’incipient  failure 
or  collapse  which  signifies  that  a  structure  or  component  has  been 
loaded  just  to  the  point  where  it  will  fail  or  collapse  without  further 
additions  of  load.  Occupants  of  the  various  structures  are  expected  to 
undergo  substantial  translation,  to  be  subject  to  impact  of  high-velocity 
debris,  collapsing  structural  components  and  other  processes  resulting 
in  a  high  degree  oi  casualties. 
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Probabilistic  Concept 


In  order  to  develop  structural  failure  criteria  in  probabilistic 
fora  for  the  population  of  a  given  structural  type,  it  was  first  neces- 
cary  tc  determine  the  fora  of  the  statistical  distribution  as  a  function 
of  an  air  blast  parameter  for  the  range  of  structural  strengths  repre¬ 
sented  by  the  structural  type  as  defined. 

Since  vp“  little  espirical  evidence  is  available  to  support  the 
determination  of  forms  of  distribution  by  regular  statistical  methods, 
a  subjective  method  was  developed.  Thik  method  is  analogous  to  that  used 
in  the  Program  Evaluation  and  Review  Technique  (PERT),  where  experienced 
judgment  is  used  to  estimate  the  most  likely,  optimistic  and  pessimistic 
times  (or  costs,  or  resources)  for  accomplishment  of  tasks  for  which  past 
experience  is  lacking.  In  the  present  application,  experienced  judgaent 
is  utilized  to  determine  the  most  likely,  highest  reasonable,  and  lowest 
reasonable  value  of  the  air  blast  parameter  causing  failure,  taking  into 
account  all  of  the  pertinent  variabilities.  The  three  values  are  used  to 
develop  the  approximate  fora  of  the  distribution  as  illustrated  in 
Figure  S-l. 

The  form  of  distribution  developed  from  the  above  process  is  of  the 
approximate  Beta  type  which  possesses  considerable  flexibility  as  regards 
skewness,  peakedness,  etc. 

Through  utilization  of  the  mathematical  characteristics  of  the  Beta 
distribution  it  becomes  possible  to  describe  the  range  of  probabilities 
of  failure  as  functions  of  an  air  blast  parameter.  The  main  report  illus¬ 
trates  this  process  in  detail  and  presents  manual  and  computerized 
methods. 

Air  Blast  Parameters 

Since  some  structures  (diffraction  sensitive)  are  primarily  sensi¬ 
tive  to  the  overpressure  characteristic  of  the  blast  wave,  seme  (drag 
sensitive)  to  the  dynamic  pressure,  and  others  to  combinations,  there 
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can  be  no  one  air  blast  parameter  that  will  serve  as  a  unique  measure 
for  the  estabi ishment  of  failure  criteria. 

The  concept  followed  herein  is  to  use  peak  free  field  air  blast 
overpressure  as  an  index  sea  sure .  The  "index  free  field  peak  overpres¬ 
sure”  is  that  overpressure  where  the  defined  degree  of  failure  occurs 
even  though  failure  say  result  Iron  dynamic  pressure  forces  or  from  com¬ 
binations  of  overpressure  and  dynamic  pressure  forces. 

Air  blast  parameter  charts  for  a  5  megaton  surface  burst  and  for  a 
5  megaton  air  burst  at  14,500  feet  height  of  burst  have  been  furnished 
for  ready  conversion  of  air  blast  parameter  values  to  distance  fro#*  the 
burst. 
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Building  Types  Considered 

It  was  necessary  to  establish  a  relatively  limited  set  of  structural 
types  which  are  representative  of  all  structures  of  interest  to  civil 
defense  planners.  The  types  to  be  evaluated  «ere  developed  in  coordina¬ 
tion  with  OCD  staff  and  include : 

TYPE _ DESCRIPTIOX _ 

1  Single-story  f rase  residence  with  or  without  basement. 

2  Single-story  nasonry,  load-bearing  wall  residence  with  or  without 
basement . 

3  Two-  or  three-story  f rase  single  residences,  row  houses,  apartments, 
and  motels  with  or  without  basements. 

4  Two-  or  three-story  masonry,  load-bearing' wall  single  residences, 
row  houses,  apartments,  and  motels  with  or  without  basements. 

5  Hired  one-  and  two-story  ”store  front”  and  light  cossercial  masonry, 
load-bearing  wall  buildings. 

6  Mixed  two-  to  four-story  ccecsercial,  residential,  and  office, 
nasonry,  lead-bearing  wall  buildings. 

7  Multistory,  steel  frame  apartment  buildings,  four  to  'en  stories. 
Light  and  heavy  wall  covering  variations. 

8  Multistory,  reinforced  concrete  frame  apartment  buildings,  four  to 
tea  stories.  Light  and  heavy  wall  covering  variations. 

9  Multistory,  steel  f rate  office  and  institutional  buildings,  four  to 
ten  stories.  Light  and  heavy  wall  covering  variations. 

10  Multistory,  reinforced  concrete  franc  office  and  institutional 
buildings,  four  to  ten  stories.  Light  and  heavy  wall  covering 
variations. 

11  Tall  steel  frame  office  buildings,  more  than  ten  stories.  Light 
and  heavy  wall  covering  variations. 

12  Tall  reinforced  concrete  frame  office  buildings,  more  than  ten 
stories.  Light  and  heavy  wall  covering  variations. 

13  Ctos-story  masonry,  load-bearing  wall  school  and  institutional 
buildings. 

14  SSonnaental  masonry  buildings,  two  to  five  stories,  with  and  with¬ 
out  frames. 
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15  Uasonry,  load-bearing  vail  industrial  buildings,  one-story. 

16  Li giit  steel  fraiK  industrial  buildings,  one-story. 

17  Heavy  steel  f race  industrial  buildings,  one-storj’. 

For  each  of  the  building  types  listed,  complete  descriptions  nave 
been  prepared  and  are  presented  in  the  Main  report.  Definitions  of  fail¬ 
ure  for  the  components  of  each  type  and  for  the  composite  structure  are 
also  presented. 

Probability  of  Failure  Estimating  Charts 

A  separate  Estimated  Probability  of  Failure  chart  xas  prepared  for 
each  of  the  building  types  listed  previously.  The  charts  permit  the 
estimating  of  the  probability  of  failure  of  a  component  or  the  composite 
structure  at  a  given  index  overpressure  value,  or  conversely,  the  index 
overpressure  value  can  be  determined  for  a  given  probability  of  failure. 

A  representative  chart  appears  hereafter. 
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ABSTRACT 


This  report  is  one  of  a  series  covering  research  of  a  continuing 
nature  in  the  evaluation  of  the  air  blast  resistance  of  existing  struc¬ 
tures  under  sponsorship  of  the  Office  of  Civil  Defense,  Department  of 
the  Army. 

The  objective  of  the  work  was  to  apply  probabilistic  techniques  to 
estimates  of  air  blast  failure  criteria  for  a  cross  section  of  urban 
building  types  and  their  components,  such  buildings  and  components  pos¬ 
sessing  a  wide  variability  among  types  and  within  types. 

The  problem  to  be  solved  is  one  of  describing  the  strength  variability 
and  the  form  of  its  distribution  function  for  the  various  building  types 
and  their  components  in  the  light  of  almost  complete  absence  of  experi¬ 
mental  evidence,  particularly  exposure  to  high  yield  weapons. 

The  approach  used  *s  based  on  an  analogy  of  the  Program  Evaluation 
and  Review  Technique  (PERT)  method  of  establishing  the  frequency  distri¬ 
bution  of  completion  times  for  work  elements.  In  the  PERT  application, 
experienced  judgment  is  used  to  establish  most  likely,  optimistic,  and 
pessimistic  completion  times.  An  approximate  beta  distribution  function 
is  defined  from  these  three  values  from  which  a  range  of  probabilities 
of  completion  time  may  be  calculated.  The  application  of  the  technique 
to  the  present  problem  uses  the  best  available  experienced  judgment  to 
establish  the  most  likely,  lowest  reasonable,  and  highest  reasonable 


failure  c-  .'a  for  a  given  structural  type  or  component.  A  beta  distri¬ 
bution  function  is  constructed  from  these  values,  and  other  probabilities 
are  calculated  therefrom  by  either  manual  or  computer  methods. 

Results  are  presented  in  graphic  form  for  each  of  17  structural  types 
of  interest  and  their  components. 
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I  INTRODUCTION 


Background 


Civil  defense  planners  require  reliable  criteria  for  the  estimation 
of  nuclear  weapons  air  blast  damage  to  a  wide  variety  of  structures  for 
use  in  strike  damage  analyses,  damage  limiting  studies,  shelter  cost- 
effectiveness  studies  and  numerous  other  purposes.  As  the  nature  of  such 
studies  becomes  more  and  more  complex  and  as  they  incorporate  sophisti¬ 
cated  electronic  computer  processes,  it  becomes  imperative  that  the 
soundest  possible  damage  criteria  be  available  in  numerical  form. 

Structural  damage  information  for  civil  defense  planners  is  limited 
essentially  to  the  following  sources,  all  of  which  have  limitations  for 
civil  defense  planning  use: 

1.  Generalized  structural  damage  information  as  contained  in  "The 
Effects  of  Nuclear  Weapons."1*  Structural  damage  data  contained 
in  this  document  are  limited^  by  the  types  of  structures  covered, 
by  the  lack  of  variability  information  from  which  numerical 
probability-of-daaage  relationships  can  be  derived,  and  by  the 
weakness  of  experimental  evidence,  particularly  from  high-yield 
weapons. 

2.  Structural  damage  criteria  prepared  for  offensive  planning 
purposes.  Such  criteria  necessarily  tend  to  provide  for  a  high 
probability  of  damage  to  ensure  attainment  of  damage  objectives. 


*  Superscripts  refer  to  numbered  references  contained  in  Appendix  A, 
References. 

*  This  is  not  to  say  the  the  *  Effects  of  Nuclear  Weapons"  is  not  a  use¬ 
ful  document.  On  the  contrary,  it  is  an  extremely  coiprehensive  and 
useful  document  for  general  civil  defense  planning  purposes. 


3-  Reports  of  full  scale  experiments  in  which  a  few  structural  types 
were  exposed  to  lew-yield  explosions. 

4.  Results  of  laboratory  experiments  and  analytical  work  relating 
to  a  limited  number  of  building  types  and  components. 

An  associated  problem  is  in  the  area  of  definition  of  damage  or  failure, 
offensive  planners  are  generally  interested  in  total  destruction  of 
structural  targets  to  provide  assurance  against  functional  use,  whereas 
civil  defense  planners  are  more  interested  in  determining  the  threshold 
of  structural  failure  and  the  effect  on  occupants. 

The  classes  of  structures  of  primary  interest  to  civil  defense  plan¬ 
ners  are  those  associated  with  people,  including  structures  in  which  people 
live  and  work.  They  also  include  structures  in  which  people  are  expected 
to  take  shelter  under  threat  of  nuclear  attack.  This  latter  category  re¬ 
lates  primarily  to  the  designated  shelter  structures  of  the  National 
Fallout  Shelter  Survey  (NFSS) .  Since  the  major  portion  of  the  population 
of  the  United  States  is  located  in  urban  areas,  a  cross  section  of  urban 
structures  ranging  from  the  single  family  residence  of  suburbia  to  the 
high-rise  commercial  and  office  buildings  of  central  business  districts 
must  be  evaluated. 

Although  most  structures  are  designed  in  accordance  with  building 
codes,  there  remains  a  wide  variability  in  both  static  and  dynamic 
strengths  of  given  structural  types  and  components.  The  variabilities 
result  from  many  factors  including  load  assumptions,  design  methods,  basic 
variabilities  in  the  strength  of  construction  materials,  workmanship,  age 
of  structures,  and  other  factors. 

The  development  of  precise  descriptions  of  the  variability  of  failure 
criteria  for  given  structural  types  and  compon  s  would  require  a  sta¬ 
tistical  quantity  of  structures  exposed  tr,  actual  nuclear  blast  situations. 
Obviously,  this  situation  will  not  result  anti  reliance  must  therefore  be 


placed  on  the  information  that  is  available,  no  matter  how  limited, 
including: 


1.  Information  from  the  Nagasaki  and  Hiroshima  events. 

2.  Data  from  limited  exposure  of  a  few  building  types  and  components 
in  planned  nuclear  weapon  experiments. 

3.  Laboratory  scale  experiments. 

4.  Analytical  work. 

However,  these  sources  of  failure  criteria  have  severe  lir.itations 
in  application  to  present  problems,  for  example: 

1.  The  Nagasaki  and  Hiroshima  events  involved  low  yield  weapons 
against  nontvpical  targets  compared  with  U.S.  urban  areas. 

2.  Nuclear  test  exposures  have  been  limited  to  a  few  structural 
types,  and  they  have  mostly  been  exposed  to  low  yield  explosions. 

3.  Laboratory  scale  experiments  have  been  limited  to  model  struc- 
tureo,  or  at  the  maximum  scale,  to  structural  components. 

4.  Analytical  work  has  for  the  most  part  been  limited  to  determin¬ 
istic  solutions  for  individual  structural  designs.* 

In  view  of  the  limited  experimental  and  analytical  evidence,  the 
development  of  probability  estimates  must  rely  on  a  subjective  approach 
using  the  judgment  of  engineers  experienced  in  nuclear  air  blast  damage 
experiments  and  analysis  to  establish  the  range  of  failure  criteria  and 
to  develop  numerical  failure  probabilities  through  use  of  simplified 
statistical  techniques. 


At  the  present  tine,  another  portion  of  this  program  is  concerned  with 
the  development  of  analytical  procedures  to  predict  the  collapse  of 
structures  from  air  blast  of  nuclear  weapons. 
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Objectives 


The  objectives  of  this  work  are  to: 

1-  Develop  a  probabilistic  systea  of  describing  the  variability  of 
structural  failure  criteria  as  functions  of  nuclear  explosion 
air  blast  parameters. 

2.  Construct  a  preliminary  set  of  air  blast  failure  criteria 
distribution  functions  for  a  cross  section  of  urban  building  types 
and  coqjonents. 

3.  Present  failure  criteria  probability  statements  derived  fros  such 
distribution  functions  in  a  readily  usable  numerical  form  for 
use  by  civil  defense  planners. 

In  meeting  the  above  objectives,  it  is  necessary  to  establish  defini¬ 
tions  of  failure  that  are  meaningful  in  terns  of  civil  defense  casualty 
estimation,  physical  damage  estimation, and  recovery  planning.  Also,  it 
is  necessary  to  establish  a  relatively  liaited  set  of  structural  t<?. s 
that  will  be  representative  of  all  structures  of  interest  to  civil  defense 
planners. 

A  Uniting  objective,  or  constraint,  is  that  the  above  objectives 
are  to  be  net  with  available  information  and  without  resort  to  additional 
analytical  or  experimental  structural  failure  analysis.  As  a  result,  the 
criteria  presented  oust  be  considered  »o  be  of  a  preliminary  nature,  sub¬ 
ject  to  refineaent  on  further  study. 


Scope  of  Work 


The  research  work  performed  under  this  project  consisted  of  the 
following  substantive  items: 

1.  Identification,  selection,  and  description  of  a  cross  section 
of  urban  building  types  of  interest  to  civil  defense  planners 
and  investigators. 


2.  Review  of  the  air  blast  structural  dasnge  literature  and  assenbly 
of  failure  criteria  information  as  a  function  of  air  blast  param¬ 
eters. 

3.  Review  of  practical  statistical  net hods  and  development  of  a 
sethod  for  describing  the  variability  and  distribution  functions 
cf  air  blast  failure  criteria  for  structural  components  and 

svs tens. 

4.  Development  cf  a  system  of  numerical  presentatic.n  of  probabilis¬ 
tic  estimates  cf  failure  criteria  for  selected  structures  and 
components. 

5.  Establishment  of  judgments  of  the  range  and  most  likely  values 
of  air  blast  failure  criteria  and,  based  on  these  judgments , 
developsent  of  failure  criteria  distribution  functions. 

6.  Presentation  of  data  for  each  building  type  and  coig>or-eni  in  the 
format  developed  under  4  above. 

7.  Preparation  and  presentation,  in  readily  usable  fora,  of  a  set 
of  air  blast  parameter  data  as  a  function  of  ground  distance  to 
servo  as  a  basis  for  conversion  of  damage  criteria  from  an  air 
blast  parameter  base  to  a  distance  base. 

Method  of  Approach 

Structural  types  to  be  included  in  the  analysis  were  selected  after 
discussions  with  OCD  staff  and  a  review  of  a  cross  section,  of  the  XFS5 
list  and  other  urban  structural  types.  An  attest  was  aade  to  include 
a  general  cross  section  of  all  urban  types  with  the  highest  degree  of 
association  with  people. 

Structural  dosage  criteria  were  developed  for  each  structural  type 
and  cos^>cnent  through  a  system  including  the  following  steps: 

1.  Review  of  the  literature  pertaining  to  the  structure  or  casio- 
nent  of  interest.* 


Representative  sources  are  indicated  by  references  6  through  IS  in 
Appendix  A. 


2.  Development  of  preliminary  values  of  failure  criteria  and 
variability. 

3.  Eevie*  of  preliminary  values  by  associated  engineers  possessing 
comprehensive  and  extensive  experience  in  nuclear  air  blast 
structural  analysis  and  full  scale  structural  test  design  and 
evaluation. 

4.  Adoption  of  reported  values  through  discussions  among  authors 
and  reviewers. 

A  concept  entitled  "index  Free  Field  Overpressure"  was  used  to  pre¬ 
sent  the  air  blast  variable  in  a  uniform  Banner  in  cases  r»here  drag 
loading  was  either  contributing  or  dominant. 

The  system  describing  variability  and  probability  of  failure  criteria 
was  based  on  approximate  methods  used  in  the  Program  Evaluation  and  Re¬ 
view  Technique  (PERT).2  A  more  rigorous  procedure  was  developed  to 
describe  the  beta  distribution  function  characteristics  to  account  for 
unbalanced  (skewed)  distributions.  Both  manual  and  computer  analytical 
systems  were  developed  and  presented. 

A  sit^slified,  uniform  systes  of  graphical  presentation  of  probability 
of  failure  criteria  was  developed  to  include  sajor  building  components 
and  a  co^xssite  type  for  each  structure. 

Descriptions  of  each  building  type,  its  variations,  and  its  compo¬ 
nents  were  developed  and  presented  for  the  guidance  of  users. 

The  cost  up-to-date  air  blast  parameter  data  were  obtained,  and  a 
graphic  system  that  is  easy  to  use  was  developed  for  presentation.  Data 
'  e  presented  for  a  5-Kt  surface  burst  and  a  5~Ht  air  burst  at  24,500 
,*4  height  «f  Trurst. 
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II  FAILURE  VARIABILITY  ASP  FAILURE  DEFISITIONS 


Introduction 

Apparent  identical  structures  xill  exhibit  a  side  range  of  resistance 
to  both  static  and  dynamic  loading.  This  range  of  variability  results 
iron  many  factors  including  variability  in  the  strength  of  component 
materials,  the  quality  of  workmanship,  snail  differences  in  design, 
foundation  differences,  and  previous  loading  experience.  Age.  design 
loads  and  criteria,  and  alteration  history  also  produce  widely  ranging 
variables  for  populations  of  given  structural  types. 

In  the  case  of  loading  resulting  fros  nuclear  air  blast,  an  addi¬ 
tional  set  of  variables  is  present.  This  set  includes  the  yield  of  the 
explosion,  the  orientation  of  the  structure  to  the  direction  of  the  Hast 
save,  topography,  proximity  to  other  structures,  and  the  nature  of  the 
structure  itself. 

In  combination,  the  foregoing  sets  of  variables  produce  a  situation 
in  which  a  given  structural  type  or  component  will  exhibit  a  considerable 
range  of  failure  criteria  as  related  to  air  blast  parameters. 

Structural  Variability 

Basic  structural  materials  possess  inherent  variability  in  strength 
as  variously  defined  (elastic  limit,  yield  point,  rupture).  Metallic 
materials  such  as  structural  steel  are  generally  relatively  narrow  in 
variability,  with  concrete,  wood,  and  masonry  exhibiting  considerably 
aider  strength  characteristics. 
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The  basic  variability  of  strength  of  structural  materials  is  further 
affected  by  the  variability  resulting  iron  the  construction  process. 
Potential  strengths  are  strongly  affected  by  the  degree  of  attention 
paid  to  proper  construction  practices.  Typical  practices  adversely 
affecting  the  strength  of  construction  materials  include: 

1.  Excess  water  in  concrete. 

2.  Failure  tc-  consolidate  concrete  properly. 

3.  Failure  to  cure  concrete  properly. 

4.  Use  of  poorer  quality  tiMber  than  specified. 

5.  Failure  to  nail  tiaber  ©cabers  properly. 

6.  Gross  reduction  of  tiaber  sections  by  the  electrical  and 
ncchanical  trades. 

7.  Lack  of  proper  penetration  in  welding  structural  steel  sesbers- 

S.  Lack  of  propc-  steel  placement  in  reinforced  concrete. 

Failures  of  structures  fro©  conventional  loads  are  not  cosaoa,  however 
since  design  selhods  include  a  sufficient  factor  of  safety  to  offset  the 
variabilities  of  basic  naterials  and  the  construction  process.  On  the 
other  band,  the  population  of  a  given  structural  type  could  exhibit  a  vide 
range  of  failure  criteria  if  loaded  to  the  ultimate  by  conventional  net hods 

An  additional  set  of  variables  results  fro©  the  design  process.  Dif¬ 
ferent  designers  use  different  ©ethods  resulting  in  selections  of  different 
structural  systess.  The  behavior  of  bolted  or  riveted  joints  will  be 
different  fro©  that  oi  welded  Joints.  Different  static  load  assumptions 
will  produce  different  structural  ©caber  sizes.  A  considerable  amount  of 
design  is  based  on  readily  available  stock  ©aterials,  thus  a  stock  sesber 
that  is  barely  adequate  in  one  case  nay  be  substantially  stronger  than 
necessarv  in  another. 


Building  codes  also  have  a  strong  influence  or.  design  and  loading, 
and  allowable  stress  criteria  vary  widely  among  various  codes.  In  some 
areas,  special  loading  conditions  (e.g.,  lateral  loading  from  earthquakes 
and  hurricanes)  are  specified  in  building  codes.  This  results  in  stronger 
buildings  than  those  elsewhere. 

Air  Blast  Loading  Variability 

The  variabilities  included  in  air  blast  loading  are  of  three  general 
types:  (l)  those  associated  with  basic  air  blast  phenomena;  (2)  those 
resulting  from  the  structural  environment;  and  (3)  those  caused  by  the 
size,  shape,  and  configuration  of  the  structure. 

Air  Blast  Variabilities 

For  an  explosion  of  the  giver  yield,  many  factors  affect  the  value 
of  an  air  blast  parameter  observed  at  a  given  distance.  Together  these 
factors  can  result  in  a  rather  wide  variability.  They  include: 

1.  Meteorological  conditions. 

2.  Ground  surface  conditions 

3 .  Topography . 

4.  Height  of  explosion  above  ground. 

Structure  Environment  Variabilities 

The  immediate  environment  of  a  structure  has  a  definite  effect  on 
the  air  blast.  Variabilities  may  be  caused  by: 

1.  Other  structures  in  close  proximity. 

2.  Topographic  features  in  the  vicinity. 
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Structure  Configuration  Variabilities 


The  structural  loading  resulting  from  a  given  air  blast  wave  depends 
strongly  on  the  characteristics  of  the  structure  itself  and  its  configura¬ 
tions.  Variabilities  result  from: 

1.  Orientation  of  the  structure  to  the  direction  of  the  blast  wave. 

2.  Variations  in  openings  (doors  and  windows). 

3.  Strength  of  wall  coverings  (strong  v/all  coverings  will  translate 
heavier  loadings  to  frame  members). 

4.  Interior  contents. 

Yield  Considerations 

The  yield  of  the  explosion  influences  the  relationship  between  the 
value  of  peak  overpressure/peak  dynamic  pressure  and  the  duration  of  the 
blast  wave.  The  higher  the  yield  the  longer  the  duration  for  a  given 
value  of  peak  ovepressure  or  peak  dynamic  pressure.  This  factor  is  of 
considerable  importance  in  the  failure  criteria  cf  certain  structures 
that  are  termed  "drag  sensitive"  (i.e.,  affected  by  the  drag  or  dynamic 
pressure  feature  of  the  blast  wave). 

Summary  of  Variability  Considerations 

The  foregoing  discussion  of  the  several  sets  of  variabilities  may 
be  summarized  as  being  a  situation  of  a  highly  variable  blast  wave  pro¬ 
ducing  highly  variable  loading  on  a  structure  with  highly  variable 
strength.  The  situation  requires  a  probabilistic  approach  to  air  blast 
structural  vulnerability  programs  such  as  that  presented  herein. 
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Failure  Definitions 


As  stated  in  the  introduction,  different  definitions  of  structural 
failure  are  used  by  different  investigators  depending  on  their  interests. 
The  concept  of  failure  used  herein  for  both  structural  components  and 
composite  structures  is  related  to  civil  defense  problems  of  injury  and 
death  and  to  the  problems  of  reconstruction.  The  concept  of  "incipient 
failure  or  collapse"  is  used  which  means  that  a  structure  or  component 
has  been  loaded  just  to  the  point  where  it  will  fail  or  collapse  without 
further  additions  of  load.  Occupants  of  the  structures  are  expected  to 
undergo  substantial  translation  and  to  be  subject  to  impact  of  high 
velocity  debris,  collapsing  structural  components,  and  other  processes 
resulting  in  a  high  degree  of  casualties. 

The  concept  also  implies  that  a  structure  that  has  "failed"  is 
damaged  to  the  point  where  repair  is  either  impossible  or  grossly  un¬ 
economical.  In  another  view,  reconstruction,  if  attempted,  would  be 
essentially  on  a  "brick-by-brick"  basis. 

This  concept  is  also  reflected  in  the  definitions  of  failure  con¬ 
tained  in  the  narrative  material  for  each  building  type. 
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Ill  PROBABILISTIC  BASIS  OF  ESTIMATES 


Introduction 

Although  there  are  large  uncertainties  and  variables,  civil  defense 
planners  must  be  provided  with  the  most  accurate  failure  criteria  pre¬ 
diction  method  available.  To  be  of  value,  this  information  should  also 
be  presented  in  probability  distribution  form  as  a  function  of  some  air 
blast  parameter.  These  circumstances  require  that  the  most  experienced 
judgment  be  used,  taking  into  account  the  analytical  and  empirical  data 
available. 

The  situation  is  similar  to  that  facing  managers  of  complex  new 
enterprises  who  must  make  predictions  as  to  activity  duration  (or  costs 
or  required  efforts)  and  to  determine  the  probability  of  achieving  those 
predictions.  Under  PERT,2  most  likely,  optimistic,  and  pessimistic  times 
(or  costs  or  efforts)  are  established  by  judgment  based  on  experience. 
Ordinarily,  the  most  likely  value  is  considered  to  be  the  mode,  and  the 
optimistic  and  pessimistic  values  are  assumed  to  have  probabilities  of 
1%  and  93%,  respectively.  It  is  necessary  to  assume  a  probability  dis¬ 
tribution  function  since  no  information  exists  as  to  the  actual  form  of 
the  function.  The  three  time  (or  cost  or  effort)  values  (most  likely, 
optimistic,  and  pessimistic)  are  used  to  establish  the  approximate  form 
of  the  distribution  function  and  from  this,  other  approximate  parameters 
(mean,  standard  deviation,  and  variance)  can  be  calculated. 

The  probabil ivy  distribution  function  that  results  in  the  PERT  situ¬ 
ation  is  of  an  approximate  beta  form.  The  features  of  this  distribution 
as  it  applies  to  the  PERT  process  are  illustrated  in  Figure  1. 
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FIGURE  1  PERT  PROBABILITY  DISTRIBUTION  FUNCTION 


In  the  PERT  process,  other  probability  values  'in  addition  to  the  1^, 
median,  and  99^  are  calculated  under  the  assumption  that  the  distribu¬ 
tion  is  normal.  In  the  case  of  structural  failure,  it  is  known  that  dis¬ 
tributions  are  more  likely  to  be  skewed  mean  to  the  right  or  left  of  the 
mode  \  and  the  assumption  of  a  normal  distribution  for  calculation  of 
other  probability  values  is  not  realistic.  .Uso,  with  the  normal  distri¬ 
bution,  low  and  high  probabilities  approach  infinity,  whereas  the  beta 
distribution  possesses  discrete  end  points  related  more  to  the  structural 
failure  situation.  It  is  therefore  advantageous  to  apply  the  character¬ 
istics  of  the  beta  distribution  to  the  present  problem. 

In  applying  the  PEHT-beia  distribution  analogy  to  the  present 
problem  of  failure  criteria  prediction,  the  fundamental  features  of  the 
former  system  can  be  retained  with  some  change  in  nomenclature  and  nota¬ 
tion.  These  chanijcs  include: 
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1.  The  Most  Likely  Time  becomes  the  Most  Likely  Value  (ym)  for 
incipient  failure  based  on  judgment  and  analytical  and  experi¬ 
mental  evidence. 

2.  The  Optimistic  Time  becomes  the  Lowest  Reasonable  Value  (y  ) 

"  3. 

for  incipient  failure. 

3.  The  Pessimistic  Time  becomes  the  Hignest  Reasonable  Value  (y  ) 

—  —  — - - c 

for  incipient  failure. 

In  the  probability  of  failure  case,  it  is  more  useful  to  establish 
values  corresponding  to  probabilities  of  failure  of  10%  (y10'  90% 

(y^)  *°r  tlle  lowest  21111  highest  reasonable  values  rather  than  the  usual 
1%  and  99%  used  in  the  PERT  process,  since  the  latter  values  are  more 
difficult  to  establish  in  the  absence  of  empirical  evidence. 

The  distribution  function  as  it  appl?  s  to  the  probability  of 
failure  case  will  then  appear  as  shown  in  Figure  2. 
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FIGURE  2  DISTRIBUTION  FUNCTION  FOR  FAILURE  CRITERIA 


Development  of  Beta  Distribution  Function  Parameters 


Although  the  approximate  beta  distribution  function  analysis  is  a 
useful  tool,  it  possesses  some  limitations  and  a  more  rigorous  system  is 
desirable.  Such  a  system  is  developed  in  the  paragraphs  below. 

The  approximate  beta  distribution  process  discussed  earlier  does 
not  consider  discrete  end  points  and  thus  differs  from  a  true  beta  func¬ 
tion,  which  possesses  such  points.  In  the  discussion  that  follows,  y 

a 

and  v  refer  to  the  0%  and  the  100%  end  points,  and  v  and  y  refer  to 
c  10  90 

the  probabilities  at  the  lowest  and  highest  reasonable  failure  criteria 
values,  respectively. 

The  beta  distribution  is  generally  defined  in  the  range  0  to  1. 

However,  it  can  be  generalized  to  the  range  y  to  y  by  normalizing  the 

a  c 

variable  y  to 


y 

o 


(5) 


The  beta  distiibution  on  the  range  y  to  y  is  now  given  by  the  density 

a  c 

function 


or 


f  y 
"  o 


(y 


-  y) 


t-r-1 
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where  3  (known  as  the  beta  function)  is  given  by 


a  — 


r(r)r(t  -  r) 

r(t) 


where  F  is  the  gauaa  function 


(7a) 


If  t  and  r  are  integers,  this  reduces  to 
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As  can  be  seen,  four  parameters  are  required  to  define  the  beta 

function — lower  and  upper  end  points  y  and  y  and  shape  parameters  r 

a  c 

and  t.  Three  of  these  parameters  can  be  derived  from  the  values  of  y  , 

v  ,  and  y  .  However,  this  still  leaves  the  value  of  the  fourth  parameter 
'90  n 

undefined.  One  approach  to  this  problem,  and  the  one  used  herein,  is  to 
select  the  value  of  the  fourth  parameter  arbitrarily.  For  this  study, 
the  value  of  t  was  selected  by  judgment  as 

t  =  8  (8) 

The  value  of  the  parameter  t  essentially  controls  the  concentration 
of  the  beta  distribution  about  the  node,  i.e.,  the  higher  the  value  of  t. 
the  more  concentrated,  or  neaked,  the  distribution  becomes.  The  selected 
value  of  t  =  8  represents  a  moderate  concentration  of  the  distribution 
about  the  mode. 

Values  of  the  ratios  (y^  -  y  )/(y  -  y  )  determined  from  standard 

tables  of  the  beta  distribution  function  are  plotted  in  Figure  3  for 

t  =  8  and  values  of  r  from  1.5  to  6.5.  This  figure  can  be  used  to  find 

the  value  of  the  parameter  r  oy  entering  the  chart  at  the  bottom  with  the 

value  of  the  'y  -  v  )/(y  -  y  )  and  reading  the  corresponding  value 

is  xu  yu  xu 

of  r  along  the  side. 


Substituting  this  expression,  along  xith  t  =  8,  into  Equation  (9'  and 

solving  for  y  yields 
a 


y  =  y  -  0.3S8(r  -  l)(y  —  v  )  .  '13^ 

a  s  -  90  '  10  ' 


The  value  of  y  ,  although  not  required  for  this  analysis,  can  ncnr  be 
deterained  frou  Equation  { 12 } . 

Values  of  the  cumulative  probability  distribution,  in  terms  of  the 
standardized  variable  x,  are  given  in  Figure  4  for  the  beta  function  xith 
values  of  t  =  8  and  1.5  s  r  S  6.5.  These  values  xere  derived  from  standard 
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FIGURE  4  CUMULATIVE  Oi^RISUTiON  FUNCTION  VALUES  FOR  A 
SETA  DISTRIBUTION  FUNCTION  WITH  t  *  8 
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tables  of  the  beta  distribution.  These  tables  are  expressed  in  teres  of 

the  variable  x,  where  0  s  x  -s.  1.  Transformation  of  the  variable  v{y  S 

a 

y  S  y  )  is  accomplished  by  the  following  relationship 
c 


y  =  y  *  (y  -  jU 

a  c  a 


(14) 


Substituting  Equation  (12),  this  can  be  rewritten  as 


y  =  y  +  2.33(y  -  y  )x 

"’a  *90  3 10 ' 


(15) 


liethod  of  Application 

In  applying  the  foregoing  concepts  to  the  development  of  failure 
probability  estimates ,  the  following  steps  are  taken: 

1.  The  most  likely  value  of  the  incipient  failure  blast  param¬ 
eter  (ya)  is  established  by  judgment  and  a  review  of  experimental 
and  analytical  evidence. 

2.  The  values  corresponding  to  the  105  (t-iq)  nnd  905  (ygo)  prob¬ 
abilities  of  failure  are  chosen  by  the  same  means - 


3.  The  ratio  (ya  -  7iQ'hJ7$Q  ~  Jiq)  *s  calculated-  and  the  correspond¬ 
ing  value  of  r  is  determined  fro®  Figure  3. 


4.  "The  value  of  y  is  calculated  froc  Eouation  ’13*. 

a 

5.  The  5 05  probability  of  failure  'y-0)  -s  determined  f re?.  Fig¬ 
ure  4  and  Equation  f 15 ) . 


Tables  of  the  beta  distribution  nay  be  found  in: 

J .  R.  Benjamin  and  JJ.  F.  Xei son ,  Tables  of  the  5 1 an d  a  rd  1  zed  Beta 
Distribution,  Stanford  University  Department  of  Civil  Engineering, 
Report  So.  59,  January  1955'' 

Sari  Pearson,  Tables  of  the  Incomplete  Beta-Function,  Bioaetrika 
Office,  London,  1934. 4 
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Additional  probability  of  failure  values  can  be  determined  in  the  sase 
saucer  as  indicated  in  step  5. 

The  above  procedure  is  illustrated  by  the  example  belor. 

The  failure  of  a  structure  subjected  to  a  blast  is  predicted  to 
occur  at  the  folioring  peak  overpressures: 

1.  Failure  is  estimated  as  most  likely  to  occur  at  4.0  psi,  thus 

=  4.0  (most  likely  value). 

2.  Failure  is  estimated  to  occur  in  1  out  of  10  cases  at  2.5  psi, 
thus  ylQ  =  2.5  (lorest  reasonable  value).  Similarly,  in  i  out 
of  10  cases,  the  structure  is  estimated  to  be  able  to  rithstand 
an  overpressure  of  6.5  psi,  thus  y <^q  =  6.5  (highest  reasonable 
value ) . 

3-  y10}/<y90  ‘  ylG}  =  (4*°  ~  2-5V(6*5  '  2.5}  =  0.375 

From  Figure  3,  r  =  2.94. 


4.  Free  Equation  (13) 

y  =  4.0  -  0.38S(2.S4  -  1.00}{6.5  -  2.5)  =  0.99. 
a 

5.  Free  Figure  4,  x30  =  0.357 

y_0  =  0.59  *  2.33(6.5  -  2.5 >(0.357)  =  4.32. 

6.  Other  probability  values  are  calculated  in  the  sase  manner  as 
in  step  5  rith  the  foiloring  results. 
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The  above  values  are  plotted  in  the  exaaple  cusulative  distribution 
function  skoxn  in  Figure  5.  The  example  probability  of  failure  data 
pioted  in  the  linear  graphic  fora  useo  for  presentation  in  this  report 
appear  in  Figure  3. 
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FIGURE  5  EXAMPLE  CUMULATIVE  PROBABILITY  DISTRIBUTION  FUMCTi&K 
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FIGURE  6  LINEAR  FORM  OF  PROBABILITY  OF  FAILURE  CRITERIA 


Extension  of  the  Method 


The  Bayesian  Approach 

The  probabilistic  basis  described  earlier  is  closely  associated  in 
an  elementary  way  with  an  applied  statistical  philosophy  introduced  by 
Thomas  Bayes  and  known  as  the  Bayesian  Theory.  The  Bayesian  approach 
combines  subjective  and  objective  elements  of  statistical  analysis.  The 
approach  is  to  incorporate  empirically  observed  data  into  a  previously 
developed  (prior)  distribution  to  achieve  a  new  (posterior)  distribution. 

In  the  Bayesian  approach  the  prior  distribution  may  be  based  on 
previous  empirical  da-'  a  or  may  be  developed  by  judgment  from  related 
processes.  The  distribution  is  then  altered  in  the  light  of  future 
observations. 

In  the  present  case,  the  prior  distribution  is  based  largely  on 
judgment  and  could  therefore  be  classed  as  the  initial  step  of  a  Bayesian 
approach.  As  future  failure  data  become  available,  the  distributions 
developed  herein  may  be  refined. 

The  mathematics  of  the  Bayesian  Theory  are  beyond  the  scope  of  the 
present  study  but  may  be  found  in  several  advanced  statistical  -ox Is, 
such  as  Reference  5. 

Computer  Applications 

Electronic  computer  processes  are  easily  applied  to  the  approach 
discussed.  Inputs  would  include  the  y  ,  y  ,  and  ym  values,  a  value  of 
t,  and  elements  of  beta  function  tables  in  either  tabular  or  algorithmic 
form.  The  output  would  consist  of  tabular  or  graphic  presentations  of 
the  failure  criteria  values  for  designated  probability  steps.  An  example 
of  such  an  application  is  given  in  Appendix  B,  which  uses  the  same  initial 
values  as  in  the  previous  example. 


Other  Shape  Characteristics 

The  beta  process  developed  herein  uses  only  one  value  of  the  shape 
parameter  t  relating  to  the  "peakedness"  of  the  distribution.  The 
value  of  8  was  chosen  as  representative  of  average  structural  situations. 
The  range  of  structural  situations  would  no  doubt  require  the  introduc¬ 
tion  of  other  values. 
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IV  AIR  BLAST  PHENOMENA  DATA 


Introduction 

An  earlier  section  discussed  the  yield-dependent  phenomena  (blast 
wave  duration)  that  contribute  to  the  overall  variability  in  structural 
vulnerability  problems.  The  presentation  of  failure  criteria  for  a  wide 
range  of  yields  is  beyond  the  scope  of  this  study;  furthermore,  they 
would  not  be  useful  to  civil  defense  planners.  The  civil  defense  problem 
is  generally  oriented  to  urban  areas  where  large  yield  strikes  wou_d  be 
expected.  The  yield,  however,  should  be  large  enough  to  cause  sufficient 
blast  durations  to  fully  influence  structures  with  long  period  fundamental 
modes  of  vibration;  these  are  generally  tall  framed  buildings.  Yields 
of  the  order  of  5  Mt  are  sufficient  to  accomplish  this  and  are  the  basis 
of  the  estimates  given  here.  The  5-Mt  yield  is  also  sufficiently  repre¬ 
sentative  of  a  range  of  yields  from  1  to  10  Mt  as  related  to  blast  wave 
duration. 

Index  Free  Field  Peak  Overpressure 

Since  some  structures  (diffraction  sensitive)  are  primarily  sensi¬ 
tive  to  the  overpressure  characteristic  of  the  blast  wave,  some  (drag 
sensitive)  to  the  dynamic  pressure,  and  others  (most)  to  combinations, 
there  can  be  no  one  air  blast  parameter  that  will  serve  as  a  unique  mea¬ 
sure  for  the  establishment  of  failure  criteria. 

The  concept  followed  here  is  to  use  peak  free  field  air  blast  over¬ 
pressure  as  an  index  measure.  The  index  free  field  peak  overpressure  is 
that  overpressure  where  the  defined  degree  of  failure  occurs  even  though 
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failure  results  primarily  from  dynamic  pressure  or  from  combinations  of 
overpressure  and  dynamic  pressure. 

Air  Blast  Parameter  Data 

The  failure  criteria  presented  herein  use  index  free  field  peak 
overpressure  values  as  indicators  of  probability  *  failure  for  various 
structural  types  and  their  components.  Civil  defense  planners  will  fre¬ 
quently  require  the  measure  to  be  stated  in  terms  of  distance  from  a  given 
explosion.  For  this  reason,  charts  of  all  required  air  blast  parameters 
as  functions  of  distance  for  both  a  5-Mt  surface  burst  and  a  5-Mt  air 
burst  at  14,000  feet  HOB  have  been  prepared  and  are  presented  in  Appendix  C. 
Data  from  the  charts  can  be  "scaled”  to  other  yields  through  the  use  of 
procedures  outlined  in  Reference  1. 
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V  PROBABILITY  OF  FAILURE  ESTIMATES 


Introduction  and  Use 


The  probability  of  failure  estimates  presented  hereafter  in  chart 
form  have  been  developed  by  the  methods  described  in  the  preceding  sec¬ 
tions.  Each  chart  (which  applies  to  one  building  type)  is  preceded  by  a 
narrative  description  of  the  building  type  and  definitions  of  failure. 
Failure  definitions  are  supplied  for  components  as  well  as  for  the  com¬ 
posite  structure. 

The  information  supplied  on  the  charts  permits  estimation  of  the 
probability  of  failure  at  various  index  free  field  overpressure  values 
for  each  structural  component  (e.g.,  window  glass)  separately  and  for 
a  composite  structure  including  all  components. 

The  charts  may  be  used  in  two  ways: 

1.  The  probability  of  failure  of  a  compone..t  or  the  composite 
structure  at  a  given  index  overpressure  value  may  be  read  by- 
pro  iecting  a  vertical  line  from  the  overpressure  value  upwards 
until  it  intersects  the  probability  bar  for  the  desired  com¬ 
ponent.  The  point  of  the  intersection  represents  the  estimated 
probability  of  failure  of  all  structures  in  the  population  of 
that  overpressure.  For  example,  from  the  chart  of  Building 
Type  1,  90%  of  all  windows  in  the  buildings  of  this  type  would 
be  expected  to  fail  at  0.6  psi  index  free  field  overpressure, 
while  10%  would  not. 

2.  The  index  free  field  overpressure  value  for  a  given  probability 
of  failure  can  be  determined  by  reversing  the  above  procedure. 
For  example,  50%  of  the  composite  of  all  Type  1  structures  would 
be  expected  to  fail  at  2.2  psi  while  50%  would  not  reach  the 
state  of  failure  as  defined. 


31 


Building  Types 


The  page  locations  of  building  descriptions,  failure  definitions, 
and  estimated  probability  of  failure  charts  for  each  building  type  are 
listed  below. 


Page 

Type  _ Description _  Number 

1  Single  story  frame  residence  with  or  without  basement.  35 

2  Single  story  masonry,  load-bearing  wall  residence  with 

or  without  basement.  39 

3  Two-  or  three-story  frame  single  residences,  row  houses, 

apartments,  and  motels  with  or  without  basements.  43 


4  Two-  or  three-story  masonry,  load-bearing  wall  single  resi¬ 
dences,  row  houses,  apartments,  and  motels  with  or  without 


basements .  47 

5  Mixed  one-  and  two-story  "store  front"  and  light  commer¬ 
cial  masonry,  load-bearing  wall  buildings.  51 

6  Mixed  two-  to  iour-story  commercial,  residential,  and 

office,  masonry  load-bearing  wall  buildings.  55 

7  Multistory,  steel  frame  apartment  buildings,  four  to  ten 

stories.  Light  and  heavy  wall  covering  variations.  59 


8  Multistory,  reinforced  concrete  frame  apartment  buildings, 

four  to  ten  stories.  Lighi  and  heavy  wall  covering  varia¬ 
tions.  63 

9  Multistory,  steel  frame  office  and  institutional  buildings, 

four  to  ten  stories.  Light  and  heavy  wall  covering  varia¬ 
tions  .  67 

10  Multistory,  reinforced  concrete  frame  office  and  institu¬ 
tional  buildings,  four  to  ten  stories.  Light  and  heavy 
wall  covering  variations. 
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Page 

Type  _ Description _  Number 

11  Tall  steel  frame  office  buildings,  more  than  ten  stories. 

Light  and  heavy  wall  covering  variations.  75 

12  Tall  reinforced  concrete  frame  office  buildings,  more  than 

ten  stories.  Light  and  heavy  wall  covering  variations.  79 

13  One-story  masonry,  load-bearing  wall  school  and  institu¬ 


tional  buildings.  83 

14  Monumental  masonry  buildings,  two  to  five  stories,  with 

and  without  frames.  87 

15  Masonry,  load-’>earing  wall  industrial  buildings,  one 

story.  91 

16  Light  steel  frame  indust rial- type  buildings,  one  story.  95 

17  Heavy  steel  frame  industrial-type  buildings,  one  story.  99 
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Building  Description  and  Failure  Definitions 


Building  Ty~ 


Single-story,  wcod-frane  residence  with  or  without  basesent. 

General  Description  and  Variations 

This  building  type  includes  all  one-story,  single- fasily  or  duplex  resi¬ 
dences  with  or  without  basements  constructed  with  wood  stud  walls,  wood  ioist 
floors  and  ceilings,  and  wood  rafter  roofs.  Various  types  of  post  and  bean  and 
panel  construction  are  included. 

Structural,  space,  and  wall  opening  configurations  are  considered  to  be  in 
general  accord  with  nunicipal  building  codes. 

Variations  in  size  range  froa  1.000  to  2,0u0  square  feet,  or  fron  two  to 
five  bedroons. 

Exterior  wall  coverings  include  wood,  conposition,  stucco  or  netal  siding 
< ver  insulation  board,  and  brick  or  stone  veneer  over  insulation  board. 

Roof  variations  include  different  slopes  and  shapes  of  peaked  roofs  with 
wood  or  conposition  shingles  and  flat  roofs  of  asphalt  and  felt  built-up  con¬ 
struction  with  gravel  topping. 

Interior  walls  are  prinarily  wood  stud  with  gypsus  board  or  plaster  cover¬ 
ings. 

Foundation  variations  include  slab-on-grade,  looting  and  foundation  wall 
with  crawl  space  and  partial  or  full  basements. 

This  type  also  includes  one  and  one— half  story  and  split-level  residences 
and  different  types  of  prefabricated  designs. 

The  large  bulk  of  single-faailv  wood  fraae  residences  built  since  World 
War  ti  fall  in  this  category*  as  do  many  residences  built  earlier. 

Because  hurricane- reinforced  residences  are  no-e  resistant  than  those  de¬ 
scribed  here,  the;.-  are  not  included  in  this  category;  however,  they  are  not  too 
prevalent. 

Failure  Definitions 

Doors  and  Windows 


Window  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  hinges  or  panels  shattered. 

Window  and  door  franes — split,  shattered,  or  substantially  reaoved  from 
walls. 
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Exterior  Walls 


Face  exposure — foundation  anchorage  sheared  and  sail  displaced  or  collapsed; 
755  of  siding  removed. 

Side  exposure — sane  as  for  face  exposure.  Front  sail  failure  sill  contrib¬ 
ute  to  failure  of  side  sails. 

Rear  exposure — sane  as  for  face  and  side  sails. 

Interior  Partitions 

50>  or  core  covering  removed  frees  majority  of  sails. 


Roof 


755  or  more  of  rafters  failed  for  peaked  roofs,  and  sane  for  joists  of 
flat  roofs;  gross  displacement  of  roof  system. 

Floor  over  basement 


755  or  more  cf  floor  joists  failcu;  collapse  of  floor  systen  amounting  to 
one  half  of  basement  height. 


Miscellaneous 

Chisneys — Mean  over;  major  shear  and  displacement. 
Open  carport  roof — collapse  or  major  displacement. 


Composite  Structure 


The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  of  residences  included  in  the  general  description,  taking  into 
account  variances  in  age,  orientation,  and  environment.  Failure  is  defined  as 
damage  that  precludes  use  for  residential  purposes  -sitfcout  major  reconstruction. 
Salvage  and  reconstruction  mould  be  on  a  board-by-board  basis  and  mould  probably 
not  be  economical  in  ordinary  times  but  might  be  necessary  because  of  a  lack  01 
ne*  materials  in  the  recovery  period.  Failure  includes  any  one  or  combinations 
of  the  foliosing: 


1.  Roof  collapse  or  gross  displacement. 

2.  Collapse  of  aalls. 

3.  755  or  more  of  siding  removed. 
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TYPE  2 


Building  Description  and  Failure  Definitions 


Building  Type 

Single-story  sasonry.  load- bearing  -sail  residence  with  or  without  baseseat. 
General  Description  and  Variations 

This  building  type  includes  all  one-story,  single- fanily  or  duplex  resi¬ 
dences  with  or  without  basements  constructed  with  brick,  stone,  concrete  block, 
or  combination  walls.  The  masonry  wall  supports  all  ve-tical  loads  without  the 
assistance  of  studs  or  other  frasiaj. 

Structural,  space,  and  wall  opening  configurations  are  considered  to  be  in 
general  accord  with  municipal  building  codes. 

Variations  in  size  range  from  1.000  to  2,000  square  feet,  or  from  two  to 
fire  bedrooms. 

Exterior  wall  variations  include:  (l)  solid  brick:  (2)  brick  cavity  wall; 

(3)  brick  facing  on  concrete  block,  with  or  without  cavity;  (4J  stone  facing  on 
brick  or  concrete  block;  and  {5%  solid  stone. 

Roof  variations  include  different  slopes  and  shapes  of  peaked  roofs  with 
wood,  composition,  slate,  or  tile  coverings  and  flat  roofs  of  asphalt  and  felt 
built-up  construction  with  gravel  topping. 

Interior  walls  cay  be  either  stud  franc  with  gypsus  beard  or  plaster  cover¬ 
ing  or  masonry  with  plaster  covering.  The  inside  finish  of  exterior  walls  say 
be  either  directly  plastered  or  furred  with  gypsum  board. 

Foundation  variations  include  slab- on- grade,  footing  ana  foundation  wall 
with  crawl  space  and  partial  or  full  hascsenhs. 

Floor  and  ceiling  joist  systems  are  usually  of  noma 1  wood  construction. 

Tsj*  type  also  includes  one- and  one-ha 1 f  story  and  split  level  designs. 

The  large  bulk  of  single  family  masonry,  load-bearing  wall  residences  built 
since  World  Sar  I!  fall  in  this  category  as  well  as  saay  residences  built  earlier. 

This  type  does  not  include  reinforced  brick  or  reinforced  concrete  block 
residences,  which  are  generally  more  resistant. 

Failure  Definitions 

Doors  and  Windows 

Window  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  hinges  or  panels  shattered. 

Window  and  door  francs — split,  shattered,  or  substantially  removed  f roe 

walls. 
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TYPE  3 


Building  Description  ar.d  Failure  De? initions 


Building  Type 

Two-  or  three-story  wood  frame  single  residences,  row  houses,  apartments , 
and  notels,  with  or  without  basements . 

C-eneral  Description  and  Variations 

This  building  type  includes  all  two-  or  three-story  residential  structures, 
with  or  without  basements,  constructed  with  wood  stud  walls,  wood  joist  floors 
and  ceilings,  and  wood  rafter  or  wood  truss  roof  fracing .  The  framing  system 
nay  be  either  balloon'"  or  "platform""  or  any  variation. 

Structural,  space,  and  wall  opening  configurations  are  considered  to  be  is 
general  accord  with  municipal  building  codes. 

Size  variations  range  up  to  3,000  square  feet  for  single  residences  and 
from  800  to  1,500  square  feet  in  multiple  residences. 

Exterior  wall  covering  variations  include  wood,  composition,  stucco  or  metal 
siding  over  insulation  board,  and  brick  or  stone  veneer  over  insulation  hoard . 

Roof  variations  include  different  slopes  and  shapes  of  peaked  roofs  wi - h 
vood  or  composition  shingles  and  flat  roofs  of  asphalt  and  felt  built-up  con¬ 
struction  with  gravel  topping. 

Interior  walls  ar<  primarily  wood  stud  with  gypsum  board  or  plaster  covering. 

round a t ion  variations  include  slab-on-grade,  footing  vnrf  foundation  wall 
with  crawl  space  and  partial  or  full  basements,  there  the  basement  is  used  for 
parking,  the  first  floor  will  be  of  reinforced  concrete. 

This  type-  of  building  includes  "duplexes,”  "row  houses,"  and  "garden 
apartments.” 

Hurricane  reinforced  residences  arc  more  resistant  and  are  not  included  in 
this  category. 

Failure  Definitions 

Doors  and  Windows 

tiedoi  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  hinges  or  panels  shattered. 

Window  and  door  frames — split,  shattered,  or  substantially  removed  froa 
walls. 

Exterior  tfalls 

Face  exposure — c'  -  ; ion  anchorage  sheared  and  walls  displaced  or  col¬ 
lapsed;  751  of  ■-  ,  removed. 

Side  exposure -- sane  as  for  face  exposure.  Front  wall  failure  will  con¬ 
tribute  to  failure  of  side  walls. 

Hear  exposure — same  as  for  face  and  side  sails. 
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Interior  Partitions 


50^  or  more  covering  removed  for  majority  of  walls. 

Roof 

75^  or  more  of  rafters  failed  for  peaked  roofs  and  same  for  joists  of  flat 
roofs;  gross  displacement  of  roof  system. 

Floors 

Upper  floors — failure  .oneiaily  depends  on  wall  failure.  If  two  walls  col¬ 
lapse  the  floors  will  drop. 

Floor  over  basement — 75“^  or  more  cf  floor  joists  failed  or  collapse  of  floor 
system  amounting  to  one-half  of  basement  height  for  wood  joist  floors.  For 
reinforced  concrete  floor,  failure  is  defined  as  any  deflection  amounting 
to  l/20  of  longest  span. 

■Miscellaneous 

Chimneys — blown  over;  major  shear  or  displacement. 

Composition  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  of  buildings  included  in  the  general  description,  taking  into 
account  variances  in  age,  orientation,  and  environment.  Failure  is  defined  as 
damage  precluding  use  for  residential  purposes  without  major  reconstruction. 
Salvage  and  reconstruction  would  he  on  a  hoard- by- board  basis  and  would  probablt 
not  be  economical  in  ordinary  times  but  might  Ik;  necessarv  because  of  a  lack  of 
now  materials  in  the  recovery  period.  Failure  includes  any  one  or  combinations 
of  the  following: 

1.  Uoof  collapse  or  gross  displacement. 

2.  Collapse  of  walls. 

3.  77)"-  or  more  of  siding  removed. 

■1 .  Gross  deflection  from  the  vertical. 


■15 


TYPE  4 


Building  Description  and  Failure  Definitions 

Building  Type. 

Two-  or  three-story  masonry  load-bearing  wall  single  residences,  row  houses, 
apartments,  and  motels,  with  or  without  basement. 


General  Description  and  Variations 

This  building  type  includes  all  two-  or  three-story  residential  structures 
with  or  without  basement,  constructed  of  brick,  stone,  concrete  block,  or  combina¬ 
tion  walls.  The  masonry  wall  supports  all  vertical  loads  without  the  assistance 
of  wood,  steel,  or  concrete  framing. 

Structural  space  and  wall  opening  configurations  are  considered  to  be  in 
general  accord  with  municipal  building  codes. 

Size  variations  range  up  to  3,000  square  feet  for  single  residences  and  from 
800  to  1,500  square  feet  in  multiples. 

Exterior  wall  variations  include:  (l)  solid  brick;  (2)  brick  cavity  wall; 

(3)  brick  facing  on  concrete  block,  with  or  without  cavity;  (4)  stone  facing  on 
brick  or  concrete  block;  ar.i  (5)  solid  stone. 

Roof  variations  include  different  slopes  and  shapes  of  peaked  roofs  with  wood 
or  composition  shingles  and  clay  tile  or  slate  and  flat  roofs  of  asphalt  and  felt 
built-up  construction  with  gravel  topping. 

Interior  walls  may  be  either  stud  frame  with  gypsum  board  or  plaster  covering 
or  masonry  with  plaster  covering.  The  inside  finish  of  exterior  walls  nay  be 
either  directly  plastered  or  furred  with  gypsum  board. 

Foundation  variations  include  slab-on-grade,  footing  and  foundation  wall 
with  crawl  space  and  partial  or  full  basements.  Where  the  basement  is  used  for 
parking,  the  first  floor  will  be  of  reinforced  concrete. 

This  type  of  building  includes  "duplexes,"  "row  houses,"  and  "garden  apart¬ 
ments."  It  also  includes  some  older  four-storv  structures  not  now  generally  per¬ 
mitted  by  building  codes. 

It  does  not  include  reinforced  brick  cr  reinforced  concrete  block  structures, 
which  are  generally  more  resistant. 

Failure  Definitions 

Doors  and  Windows 

Window  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  hinges  or  panels  shattered. 

Windows  and  door  frames — split,  shattered,  or  substantially  removed  from  walls 
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Exterior  Walls 


Face  exposure — wall  shattered  or  at  least  75%  collapsed. 

Side  exposure — same  as  for  face  exposure.  Front  wall  failure  will  contribute 
to  failure  of  side  walls. 

Rear  exposure — same  as  for  face  and  side  walls. 

Interior  Partitions 

50%  or  more  covering  removed  for  majority  of  walls. 

Roof 

75%  or  more  of  rafters  failed  for  peaked  roofs  and  same  for  joists  of  flat 
roofs;  gross  displacement  of  roof  system. 

Floors 

Upper  floors — failure  generally  depends  on  wall  failure.  If  the  walls  col¬ 
lapse  the  floors  will  drop. 

Floor  over  Basement 

73%  or  more  of  floor  joists  failed  or  collapse  of  floor  system  amounting  to 
one-half  of  basement  height  for  wood  joist  floors.  For  reinforced  concrete 
floor,  failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 

Miscellaneous 


Chimneys — blown  over;  major  shear  or  displacement. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  of  buildings  included  in  the  general  description,  taking  into  account  vari¬ 
ances  in  age,  orientation,  and  environment.  Failure  is  defined  as  damage  preclud¬ 
ing  use  for  residential  purposes  without  ma.ior  reconstruction.  Salvage  and 
reconstruction  would  be  on  a  brick-by-brick  basis  and  would  probably  not  be  econom¬ 
ical  in  ordinary  times  but  might  be  necessary  because  of  a  lack  of  new  mates ials 
in  the  recovery  period.  Failure  includes  cither  one  or  a  combination  of  the 
following: 

1.  Roof  collapse  or  gross  displacement. 

2.  Collapse  of  walls. 
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Builaing  Description  and  Failure  Definitions 


Building  Type 

Mix.'d  one—  and  two-story  "store  front"  and  light  commercial  masonry,  load- 

bearing  wall  buildings. 

General  Description  and  Variations 

This  building  type  includes  the  large  variety  of  small  to  medium  structures 
found  in  light  "strip"  and  neighborhood  retail  and  commercial  districts.  Typical 
locations  are  in  the  urban  fringe,  suburban  areas,  "strips”  along  major  highways, 
and  smaller  towns. 

The  type  is  characterized  by  rather  narrow  frontages,  more  or  less  continuous 
structures  with  occasional  service  alleys,  common  walls  in  some  cases,  flat  roofs, 
and  decorative  "store  fronts,"  usually  with  a  large  glass  area.  A  typical  size 
would  be  40-foot  frontage  by  80-foot  depth  with  12-  to  15-foot  ceiling  height. 

Wall  variations  include  solid  brick,  solid  concrete  block,  or  concrete 
block  with  brick,  stone,  or  tile  facings. 

.Store  front"  variations  include  various  configurations  and  combinations 
of  plate  glass,  structural  glass,  metal  panels,  and  decorative  brick  and  tile. 

The  typical  structure  has  a  large  expanse  of  glass  on  its  front  face. 

lioofs  are  generally  flat  with  "built-up”  coverings  supported  by  joists  or 
light  trusses. 

Second  floors,  if  they  exist,  are  used  for  store  purposes,  offices,  or 
apartment- type  residences.  Wall  openings  tend  to  be  smaller  than  those  on 
street  floors. 

This  type  does  not  include  large  "shopping  center"  buildings  or  older  two- 
to  four-story,  heavy  masonry,  mixed  commercial,  office  and  residential  structures 
found  in  older  commercial  fringes  of  larger  cities. 

Failure  Definitions 


"Store  fronts” 

Glass  holed  or  shattered;  otiier  panels  substantially  displaced. 

Side  and  Rear  Walls 

Walls  shattered  or  at  least  75-  collapsed. 

Soof 

755  or  more  of  rafters  or  roof  trusses  failed;  gross  displacement  of  roof 
system. 
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Interior  Partitions 


Frame — 50%  or  more  of  covering  removed . 

Masonry — shattered  or  at  least  75%  collapsed. 

Floor  over  basenent 

75%  or  more  of  floor  joists  failed  or  collapse  of  floor  system  amounting 
to  one-half  of  basement  height  for  wood  joist  floors.  For  reinforced  con¬ 
crete  floor,  failure  is  defined  as  any  deflection  amounting  to  1/20  of 
longest  span. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  feneral  description,  taking  into  account  variances  in  age, 
orientation,  and  environment.  Failure  is  defined  as  damage  precluding  use  for 
intended  purposes  without  major  reconstruction.  Salvage  and  reconstruction  would 
be  on  a  brick- by- brick  basis  and  would  probably  not  be  economical  in  ordinary 
times  but  might  be  necessary  because  of  a  lack  of  new  materials  in  the  recovery 
period.  Failure  includes  either  one  or  a  combination  of  the  following: 

3.  Roof  collapse  or  gross  displacement. 

2.  Collapse  of  walls. 
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Building  Description  and  Failure  Definitions 


Bui lding  Type 

Mixed  t*o-  to  four-storv  co— ercial,  residential,  and  office,  masonry  load- 
bearing  .all  buildings. 

General  Description  and  Variations 

This  building  type  includes  a  ■side  variety  of  tso-  to  four-storv  easonrv 
load-bearing  sail  structures  found  in  the  area  between  tl.e  dosntosn  and  residen¬ 
tial  districts  of  mrger  cities.  Typical  uses  include  small  stores,  professional 
offices  ( such  as  physicians,  dentists,  and  lawyers),  and  apartment-t ype  residences. 
The  stores  usually  occupy  the  lo»er  floor,  and  offices  and  apartments  occupy  the 
upper  floors.  The  period  of  construction  for  this  building  type  is  before  World 
War  II. 

This  type  is  characterized  by  rather  narrow  frontages,  core  or  less  con¬ 
tinuous  structures  uith  occasional  service  alleys,  coscon  Mils  in  some  cases, 
and  flat  roofs.  The  front  of  the  building  usually  has  fairly  large  aindou  areas, 
particularly  on  the  ground  floor,  shi le  the  sides  and  rear  have  only  snail  ■sindo^ 
areas.  A  typical  individual  size  sould  be  -10-foot  frontage  by  KO-foot  depth  »ith 
12-  to  15-foot  ceiling  height  on  the  ground  floor  and  X  to  10  feet  for  upper 
floors. 

Wall  variations  include  solid  brick,  cut  or  artificial  stone,  concrete 
block,  structural  clay  tile,  or  concrete  block  or  structural  clay  tile  »ith 
brick  or  stone  facing. 

Interior  anils  are  generally  masonry:  brick,  concrete  block,  or  structural 
clay  tile,  aith  plaster  covering. 

Floors  are  typically  aood  decking  supported  on  -soon  beans  and  joists,  al¬ 
though,  in  some  instanc  s,  masonry  flat-arch  floors  or  concrete  boas  and  slab 
floors  cay  be  used. 

Roofs  arc  generally  flat  aitis  “built-up"  coverings.  Construction  is  similar 
to  that  for  the  floors. 

Failure  Definitions 

lioors  and  Windows 

Windo*  glass — cracked,  holed,  or  shattered. 

Doors — bloan  off  hir.ges  or  panels  shattered. 

Window  and  door  francs — split,  shattered,  or  substantially  removed  fron 

*nl 1 s. 


Exterior  Walls 


Walls  shattered  or  at  least  75'  collapsed. 
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Interior  Partitions 

Shattered  or  at  least  75%  collapsed. 

Roof 

75%  or  more  of  joists  failed:  gross  displacement  of  roof  system. 

Floor  over  3aseaent 

75%  or  sore  of  floor  joists  failed  or  collapse  of  floor  systea  amounting 

to  one-half  of  bases ent  height  for  wood  joist  floors.  Collapse  of  floor 

for  masonry  flat-arch  floors.  For  reinforced  concrete  floor,  failure  is 

defined  as  any  deflection  aaounting  to  l/20  of  longest  span. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  general  description,  taking  into  account  variances  in  age, 
orientation,  and  environment.  Failure  is  defined  as  damage  precluding  use  for 
intended  purposes  without  major  reconstruction.  Salvage  and  reconstruction 
would  be  on  a  brick-by-brick  basis  and  would  probably  not  be  economical  in  ordi¬ 
nary  times  but  might  be  necessary  because  of  a  lack  of  new  materials  in  the  re¬ 
covery  period.  Failure  includes  either  one  or  a  combination  of  the  following: 

1.  Roof  collapse  or  gross  displacement. 

2.  Collapse  of  walls. 
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Building  Description  and  Failure  Definitions 


Building  Type 

Multistory,  steel  frame  apartment  building,  four  to  ten  stories.  Light 
and  heavy  vail  covering  variations. 

General  Description  and  Variations 

This  building  type  includes  all  four-  to  ten-story  apartsent  buildings, 
doraitories,  and  hotels  of  steel  frame  construction.  The  elevator  and  stair- 
veil  core,  generally  of  reinforced  concrete  or  masonry  construction,  is  assumed 
to  help  carry  the  vertical  and  lateral  load. 

The  primary  period  of  steel  frame  construction  in  aultistory  apartment 
buildings  is  before  World  War  II,  with  reinforced  concrete  frame  construction 
cosing  into  prevalence  since  that  time. 

A  typical  layout  consists  of  a  roos-corridor-roos  type  of  arrangement. 
Column  spacing  is  generally  about  20  feet  in  the  long  direction,  vhiie  in  the 
short  direction  spacing  depends  on  the  length  of  the  building. 

Exterior  vail  variations  include  both  light  and  heavy  coverings.  Light 
vail  coverings  consist  primarily  of  aluminum  or  steel  panels,  heavy  vail  cover¬ 
ings  include  masonry  curtain  or  panel  vails,  vith  or  without  veneer.  These  may 
be  constructed  vith  or  vithout  a  cavity.  Precast  concrete  elements  are  gaining 
in  popularity. 

Interior  partitions  are  primarily  'i)  wood  or  steel  studs  vith  plaster  cr 
gypsum  val. board.  ' 2 )  gypsum  block,  and  (3)  clay  tile  or  concrete  bJock  vith 
plaster. 

Floor  construction  includes  'l'  open  veb  joists  vith  steel  decking  and  a 
thin  2-  to  3-inches  thick)  concrete  covering  and  '2}  reinforced  concrete  slabs 
vith  or  vithout  support  beans. 

Roofs  are  flat  vith  ’built-up"  coverings,  usually  of  the  sane  type  of  con¬ 
struction  as  the  floors. 


Failure  Definitions 

Glass  Doors  and  Windows 
Cracked,  holed,  or  shattered. 

Exterior  Walls 

At  least  755  of  vail  blovn  out  or  collapsed. 
Interior  Partitions 

Frame — 505  or  more  of  covering  removed. 
Masonry — collapsed  or  at  least  755  blovn  out. 
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Hoof 


Failure  is  defined  as  any  deflection  amounting  to  1/20  of  longest  span. 
Floor  over  Basement 

Failure  is  defined  as  any  deflection  amounting  to  1/20  of  longest  span. 
Structural  Frame 

Severe  distortion  of  the  frame,  vith  floor- to- floor  displacements  amounting 
to  1/20  of  the  story  height.  Collapse  of  the  frame  is  isssinent. 

Vertical  Core 

Severe  cracking  and  distortion  of  vails.  Collapse  is  imminent. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  included  in  the  general  description,  taking  into  account  vari¬ 
ances  in  age,  orientation ,  and  environment.  Failure  is  defined  as  damage  pre¬ 
cluding  use  for  intended  purposes  without  major  reconstruction.  Salvage  and 
reconstruction  vouid  probably  not  be  economical  in  ordinary  times,  bat  night 
be  necessary  because  of  a  lack  of  nee  materials  in  the  recovery  period. 

Because  of  differences  in  the  resulting  load  on  the  frame,  tvo  categories 
of  ccaposite  structure  are  defined: 

1.  Steel  frame  *i.th  light  vail  coverings. 

2.  Steel  frase  rith  heavy  vail  coverings. 

Failure  in  either  of  these  categories  is  defined  as  the  occurrence  of  any  or 
combinations  of  the  folloving: 

1.  All  exterior  vails  and  interior  partitions  bloats  out . 

2.  Severe  distortion  or  collapse  of  the  franc. 

3.  Severe  cracking  and  distortion  of  vertical  core  vails. 

It  is  expected  that  failure  of  the  light  vail  composite  structure  vill  be 
controlled  by  the  first  of  the  above  criteria,  vhlle  failure  of  the  heavy  vail 
composite  structure  vi 1 1  be  controlled  by  the  last  tvo  criteria. 
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BUILDING  DESCRIPTION  AND  FAILURE  DEFINITIONS 


Building  Type 


Multistory,  reinforced  concrete  frame  apartment  building,  four  to  ten 
stories.  Light  and  heavy  wall  covering  variations. 

General  Description  and  Variations 

This  building  type  includes  all  four-  to  ten-story  apartment  buildings,  dor¬ 
mitories,  and  hotels  of  reinforced  concrete  frame  construction.  The  elevator 
and  stairwell  core,  generally  of  reinforced  concrete  or  masonry  construction,  is 
assumed  to  help  carrv  the  vertical  and  lateral  load. 

Although  some  reinforced  concrete  frame  apartment  buil-’ings  were  constructed 
before  World  War  II,  the  primary  period  of  this  type  of  construction  has  been 
since  that  time. 

Typical  layout  consists  of  a  rocm-corridor-room  type  of  arrangement.  Spans 
may  vary  from  18  to  36  feet. 

Exterior  wall  variations  include  both  light  and  heavy  coverings.  Light  wall 
coveri  igs  consist  primarily  of  aluminum  oi  steel  panels.  Heavy  wall  coverings 
include:  (1)  masonry  curtain  or  panel  walls  with  or  without  veneer  and  with  or 

without  a  cavity,  (2)  precast  concrete  panels,  and  (3)  reinforced  concrete  bearing 
walls. 

Interior  partitions  include:  (1)  pi  ..-.ter  or  gypsum  wallboard  on  uood  or  metal 
studs,  (2)  gypsum  block,  and  (3)  clay  tir„  or  concrete  block  with  plaster.  Re¬ 
inforced  concrete  bearing  walls  may  aiso  serve  as  partitions. 

Floor  construction  for  spans  up  to  26  feet  is  primarily  flat  plate  for  the 
period  after  World  War  II.  For  longer  spans  and  for  construction  before  World 
War  II,  slab  with  beam  and  girder  framing  is  prevalent.  Variations  of  these 
systems  include  lift  slabs,  precast  planks  and  channels,  and  "waffle"  slabs.  Many 
of  the  earlier  waffle  slabs  are  formed  with  structural  clay  tile,  which  is  left 
in  place,  becoming  the  ceiling  surface. 

Roofs  are  flat  with  "built-up"  coverings,  usually  of  the  same  type  of  con¬ 
struction  as  the  floors. 

Failure  Definitions 

Doors  and  Windows 

Window  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  liingos  or  panels  '•haltered. 

Window  and  door  frames — split,  shattered,  or  substantially  removed  from  walls. 

Exterior  Walls 

Walls  shattered  or  at  least  75^  collapsed. 
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Interior  Partitions 
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Frame — 50%  or  more  of  covering  removed. 

.Masonry — shattered  or  at  least  75%  collapsed. 

Roof 

Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 
Floor  Over  Basement 

Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 
Structural  Frame 

Severe  distortion  of  the  frame,  with  f loor-to-f loor  deflections  amounting 
to  l/20  of  the  story  height.  Collapse  of  the  frame  is  imminent. 

Vertical  Core 

Severe  cracking  and  distortion  of  walls.  Collapse  is  imminent. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  included  in  the  general  description,  taking  into  account  variances 
in  age,  orientation,  and  environment.  Failure  is  defined  as  damage  precluding 
use  for  intended  purposes  without  major  reconstruction.  Salvage  and  reconstruc¬ 
tion  would  probably  not  be  economical  in  ordinary  times  but  night  be  necessary 
because  of  a  lack  of  new  materials  in  the  recovery  period. 

Because  of  differences  in  the  resulting  load  on  the  frame,  two  categories 
of  composite  structure  are  required: 

1.  Reinforced  concrete  frame  with  light  wall  coverings. 

2.  Reinforced  concrete  frame  with  heavy  wall  coverings. 

Failure  in  each  of  these  categories  includes  any  or  combinations  of  the  fol¬ 
lowing: 

1.  All  exterior  walls  and  interior  partitions  blown  out. 

2.  Severe  distortion  or  collapse  of  the  frame. 

3.  Severe  cracking  and  distortion  of  vertical  core  walls. 
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Building  Description  and  Failure  Definitions 


Building  Type 

Multistory,  steel  fraud  office  and  institutional  buildings,  four  to  ten 

stories.  Light  and  heavy  wall  covering  variations. 

General  Bes-ription  and  Variations 

This  building  type  includes  all  four-  to  ten-story  office  and  institutional 
buildings  of  steel  frame  construction.  Institutional  uses  include  schools  and 
hospitals,  '.he  frame  is  generally  of  fireproof  construction,  with  masonry,  con¬ 
crete,  or  more  recently,  sprayed  asbestos  plaster  being  used  as  the  fire  proofing 
medium.  The  elevator  and  stairwell  core,  generally  of  reinforced  concrete  or 
masonry  construction,  is  assumed  to  help  carry  the  vertical  and  lateral  load. 

Interior  layouts  arc  varied  with  much  more  open  space  than  in  residential 
structures. 

Exterior  wall  variations  *n->‘»de  both  light  and  heavy  wall  coverings.  Light 
wall  coverings  cvusist  primarily  of  metal  panels  or  curtain  walls,  often  contain¬ 
ing  large  window  areas.  Heavy  wall  coverings  consist  primarily  of  masonry  cur¬ 
tain  or  panel  walls  with  brick  or  stone  veneer,  constructed  with  or  without  a 
cavity.  Precast  concrete  wall  and  window  units  are  becoming  popular.  The  height 
of  the  first  floor  is  generally  greater  than  that  of  the  upper  stories,  and  the 
walls  often  consist  of  large  areas  of  glass. 

Interior  partitions  are  generally  of  light  construction,  consisting  of: 

(l)  plaster  or  gypsum  wall board  on  wood  or  steel  studs,  (2)  gypsum  block,  (3) 
metal  or  wood  movable  partitions,  and  (•!/  clay  tile  or  concrete  block  witi  plas¬ 
ter. 

Floor  construction  includes:  (l)  open  web  joists  with  steel  decking  and 
concrete  covering  and  (2)  reinforced  concrete  slabs  with  or  without  support 
beams.  Suspended  ceilings  are  generally  used  in  conjunction  with  these  systems 
to  provide  a  flat  ceiling  and  to  hide  lighting  and  ventilation  systems. 

Roofs  are  flat  with  "built-up’  coverings  and  arc  usually  the  same  type  of 
construction  as  the  floors. 

Failure  Definitions 

Glass  Doors  and  Windows 

Cracked,  holed,  or  shattered. 

Exterior  Walls 

At  least  75%  of  wall  blown  out  or  collapsed. 

Interior  Partitions 

Frame — 50^  or  more  of  covering  removed. 

Masonry — collapsed  or  at  least  75C  blown  out. 
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Roof 


Failure  is  defined  as  any  deflection  amounting  to  1  '20  of  longest  span. 
Floor  over  Basement 

Failure  is  defined  as  any  dt flection  amounting  to  1 '20  of  longest  span. 

S t ructural  Frame 

Severe  distortion  of  the  frame,  mith  floor- to-floor  displacements  amounting 
to  1  20  of  the  story  height.  Collapse  of  the  frame  is  imminent. 

Vert  j cal  Coro 

,-»-acking  and  distortion  of  tails.  Collapse  is  imminent. 


Comp  ->i  to  3'ructure 

Is._  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  general  description,  taking  into  account  variances  in  ace, 
orientation  and  environment.  Failure  is  defined  as  damage  precluding  use  for  in¬ 
tended  purposes  mithout  major  reconstruction.  Salvage  and  reconstruction  moul d 
probably  not  be  economical  in  ordinary  tines,  but  sight  be  necessary  because  of 
a  lack  of  nc*  mate* ials  in  the  recovery  period. 

Because  of  difieronces  in  the  resulting  load  on  the  frame.  tmo  categories  of 
composite  structure  are  defined: 

1.  Steel  frame  sitli  light  vail  coverings. 

2.  Steel  frame  silh  heavy  sail  coverings. 

Failure  in  cither  of  these  categories  is  defined  as  the  occurrence  oi  any  or 
cosbinations  of  the  following: 

1.  All  exterior  malls  and  interior  partitions  blomn  out. 

2.  Severe  distortion  or  collapse  o."  the  frame, 

3.  Severe  cracking  and  distortion  of  vertical  core  malls. 

It  is  expected  that  failure  of  the  light  aali  composite  Structure  mill  lx-  con¬ 
trolled  by  the  first  of  the  above  criteria,  v-hile  failure  of  the  heavv  aali 
composite  structure  -ill  lx-  controlled  by  the  last  imo  criteria. 
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TYPE  10 


Building  Description  and  Failure  Definitions 


Building  Type 

Multistory,  reinforced  concrete  franc  office  and  institutional  buildings, 

four  to  ten  stories.  Light  and  heavy  wall  covering  variations. 

General  Description  and  Variations 

This  building  type  includes  all  four-  to  ten-story  office  a  aC  institutional 
buildings  of  reinforced  concrete  franc  construction.  Institutional  uses  include 
hospitals  and  schools.  The  elevator  and  stairwell  core,  generally  of  reinforced 
concrete  or  masonry  construction,  is  assumed  to  carry  part  of  the  vertical  and 
lateral  load. 

Interior  layouts  are  varied  with  much  more  open  space  than  in  residential 
structures. 

Exterior  wall  variations  include  both  light  and  heavy  wall  coverings.  Light 
wall  coverings  consist  primarily  of  metal  panels  or  curtain  walls  often  containing 
large  window  areas.  Heavy  wall  coverings  include:  ( 1 }  nasonry  curtain  and  panel 
walls,  with  and  without  masonry  veneer  and  with  and  without  a  cavity;  (2)  precast 
concrete  panels:  and  {3)  reinforced  concrete  curtain  or  bearing  walls.  The  height 
of  the  first  story  is  generally  greater  than  that  of  the  upper  stories,  with  the 
walls  often  containing  large  areas  of  glass. 

Interior  partitions  include:  (l)  plaster  or  gypsum  wallboard  on  wood  cr 
metal  studs,  (2)  gypsum  block,  (3}  movable  wood  or  metal  partitions,  and  (4) 
clay  tile  or  concrete  block  with  plaster. 

Floor  construction  is  reinforced  concrete  of  one  of  the  following  types: 

(l)  flat  plate.  (2}  one-way  joists,  (3}  two-way  grids  or  "waffle  slabs,”  {4} 
lift  slabs,  and  (5;  precast  slabs.  Suspended  ceilings  are  generally  used  in 
conjunction  with  these  systems  to  provide  a  flat  ceiling. 

Roofs  are  flat  with  "built-up"'  coverings,  usually  of  the  same  type  of  con¬ 
struction  as  the  floors. 

Failure  Definitions 

Doors  and  Windows 

Window  glass — cracked,  holed,  or  shattered. 

"'oors — blown  off  hinges  or  panels  shattered. 

Window  and  door  frames — split,  shattered,  or  substantially  removed  from  walls. 

Exterior  Walls 

Walls  shattered  or  at  least  IbZ  collapsed. 

Interior  Partitions 

Frame — 50"  or  aorc  of  covering  removed. 
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Masonry- -shattered  or  at  least  75%  collapsed 


Roof 

Failure  is  defined  as  any  deflection  amounting  to  1/20  of  longest  span. 

Floor  over  Basement 

Failure  is  defined  as  any  deflection  amounting  to  l-'20  of  longest  span. 

Structural  Frame 

Severe  distortion  of  the  frame,  with  floor- to- floor  deflections  amounting 

to  1/20  of  the  story  height.  Collapse  of  the  frame  is  imminent. 

Vertical  Core 

Severe  cracking  and  distortion  of  walls.  Collapse  is  imminent. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  general  description,  taking  into  account  variances  in  age, 
orientation  and  environment.  Failure  is  defined  as  damage  precluding  use  for 
intended  purposes  without  major  reconstruction.  Salvage  and  reconstruction  would 
probably  not  be  economical  in  ordinary  times  but  eight  be  necessary  because  of  a 
lack  of  new  materials  in  the  recovery  period. 

Because  of  differences  in  the  resulting  load  on  the  frame,  two  categories  of 
composite  structure  are  required: 

1.  Reinforced  concrete  frame  with  light  wall  coverings. 

2.  Reinforced  concrete  frame  with  heavy  wall  coverings. 

Failure  in  each  ol  these  categories  includes  any  or  combinations  of  the  following: 

1.  All  exterior  walls  and  interior  partitions  blown  out. 

2.  Severe  distortion  or  collapse  of  the  frame. 

3.  Severe  cracking  and  distortion  of  vertical  core  walls. 

It  is  expected  that  failure  of  the  light  wall  composite  structure  will  be 
controlled  by  the  first  of  the  above  criteria,  while  failure  of  the  heavy  wall 
composite  structure  will  be  controlled  by  the  last  two  criteria. 


TYPE  11 


Building  Description  and  Failure  Definitions 

Building  Type 

Tall  steel  frase  office  buildings,  aore  than  ten  stories.  Light  and  heavy 
*all  covering  variations. 

General  Description  and  Variations 

This  building  type  includes  all  steel  fraae  office  buildings  of  raore  than 
ten  stories.  These  are  generally  found  only  in  the  downtown  areas  of  large 
cities.  The  fraac-  is  of  fireproof  construction,  with  sasoniy,  concrete,  and, 
core  recently,  sprayed  asbestos  plaster  being  used  as  the  fireproofing  oediun. 

The  elevator  and  stairwell  core,  generally  of  reinfo-ced  concrete,  is  assuaed 
to  help  carry  the  vertical  and  lateral  load. 

Interior  layouts  are  varied  with  relatively  large  open  spaces. 

Because  of  the  height  of  the  building,  exterior  sails  are  usually  of  light¬ 
weight  construction,  such  as  alusinua  or  stainless  steel  panels  or  curtain  sails. 
Large  window  areas  are  usually  prevalent.  In  sosae  cases,  relatively  heavy  cover¬ 
ings,  primarily  nasonry  or  precast  concrete  units,  say  be  used. 

Interior  partitions  are  also  generally  of  lightweight  construction,  in¬ 
cluding:  (l)  plaster  of  gypsun  sailboard  on  steel  studs,  (2)  gvpsus  block, 
and  •,  3}  aetal  or  wood  Movable  partitions. 

Floor  construction  includes.  (1)  open  web  joists  with  steel  decking  and  a 
lightweight  concrete  cov« ring  and  ( 2)  reinforced  concrete  slabs,  with  or  without 
support  beans .  Suspended  ceilings  are  generally  used  to  provide  a  flat  ceiling 
and  to  hide  lighting  and  ventilation  systens. 

Roofs  are  flat  with  'built-up  coverings  and  are  usually  of  the  sase  type 
of  construction  as  the  floors. 

Failure  Definitions 

Glass  Poors  and  Windows 
Cracked,  holed,  or  shattered. 

Exterior  t?al  Is 

At  least  75T  of  wall  blown  out  o-  collapsed. 
interior  Partitions 

F  raise — 50*  or  nore  of  covering  rcaovcd. 

Uasonry — collapsed  or  at  least  75~  blown  out. 

Roof 

Failure  is  defined  as  any  deflection  amounting  to  1  20  of  longest  span. 
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Floor  over  Basement 


Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 
Structural  Frame 

Severe  distortion  of  the  fraxxe,  with  f loor-to-f loor  displacements  amounting 
to  1/20  of  the  story  height.  Collapse  of  the  fraxae  is  ixaainent. 

Vertical  Core 

Severe  cracking  and  distortion  of  walls.  Collapse  is  irainent. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  axaong  the 
various  types  included  in  the  general  description,  taking  into  account  variances 
in  age,  orientation  and  environxsent .  Failure  is  defined  as  damage  precluding 
use  for  intended  purposes  without  major  reconstruction.  Salvage  and  reconstruc¬ 
tion  would  probably  not  be  econoxxical  in  ordinary  times,  but  sight  be  necessary 
because  of  a  lack  of  new  materials  in  the  recovery  period. 

Because  of  differences  in  the  resulting  load  on  the  fraxae,  two  categories 
of  coxxposite  structure  are  defined: 

1.  Steel  frase  with  light  wall  coverings. 

2.  Steel  frase  with  heavy  wall  coverings. 

Failure  in  either  of  these  categories  is  defined  as  the  occurrence  of  any  or  cos- 
binations  of  the  following: 

1.  All  exterior  walls  and  interior  partitions  blown  out. 

2.  Severe  distortion  or  collapse  of  the  fraxae. 

3.  Severe  cracking  and  distortion  of  vertical  core  walls. 

It  is  expected  that  failure  of  the  light  wall  composite  sixucture  will  be  con¬ 
trolled  by  the  first  of  the  abo-cc  criteria,  while  failure  of  the  heavy  wall  com¬ 
posite  structure  will  be  controlled  by  the  last  two  criteria. 
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TVPE  12 


Building  Description  and  Failure  Definitions 


Building  Type 


Tall  reinforced  concrete  frane  office  buildings,  so re  than  ten  stories. 
Light  and  heavy  anil  covering  variations. 

General  Description  and  Variations 

This  building  type  includes  all  reinforced  concrete  frane  office  buildings 
of  sore  than  ten  stories.  These  are  generally  found  only  in  the  doa-ntcrm  areas 
of  large  cities.  The  elevator  and  stairael!  core,  generaliy  of  reinforced  con¬ 
crete,  is  assuned  to  help  carry  the  vertical  and  lateral  load. 

Interior  layouts  are  varied  aJth  relatively  large  open  spaces. 

Exterior  aall  coverings  include  both  light  and  heavy  coverings.  Light  aall 
coverings  consist  nrinaril..  of  netal  panels  or  curtain  -alls  often  containing 
large  -indon  areas.  5’eavy  -sail  coverings  include:  l'  nasonry  curtain  or  panel 

mils,  sith  or  without  veneer  and  sith  or  sithout  a  cavity:  2}  precast  concrete 
panels;  and  ( 3}  reinforced  concrete  curtain  or  bearing  mils.  The  height  of 
the  first  story  is  generally  greater  than  that  of  the  upper  stories,  sith  the 
mils  often  consisting  of  large  areas  of  glass. 

Interior  partitions  include:  '  l'  plaster  or  gvpsun  ml  1 board  on  *ood  or 
netal  studs,  !2'  gypsun  block.  3*!  movable  wood  or  aetal  partitions,  and  '  4) 
clay  tile  or  concrete  block  sith  plaster. 

Floor  construction  is  generally  reinforced  concrete  of  one  of  the  fol losing 
types;  ’l)  flat  plate,  ’2'  one-say  joists.  3'  tio-tay  grids  or  "mffle-  slabs, 
and  ?-i'  precast  slabs.  Composite  steel  ar.d  concrete  slabs  nay  also  be  used. 
Suspended  ceilings  are  generally  used  in  conjunction  -i t h  these  systens. 

Roofs  are  flat  s:th  "built-up"  coverings,  usually  of  the  sane  type  of  con¬ 
struction  as  the  floors. 

Failure  Definitions 

Doors  and  ITtndgss 

>f : ndoi  glass — cracked,  holed,  or  shattered. 

Doors — blom  off  hinges  or  panels  shattered. 

Sia'os  and  door  francs — split,  shattered,  or  substantially  recover:  iron 


•xtcrior  'Sails 


ills  shattered  or  at  least  75”  col laosed. 


Interior  Partitions 


Frane — 307  or  sort*  of  covet  in( 
Masonry — matte-erf  or  at  least 


recover:. 

75".  collapsed. 
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Rooi' 


Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 

Floor  over  Basement 

Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 

Structural  Frame 

Severe  distortion  of  the  frame,  with  f loor-to-f loor  deflections  amounting 

to  1/20  ef  the  story  height.  Collapse  of  the  frame  is  imminent. 

Ve'  c.-J  . 

;  ■  ■  King  and  distortion  of  walls.  Collapse  is  imminent. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  general  description.  *-aking  into  account  variances  in  age, 
orientation,  and  environment.  Failure  is  i.efined  as  damage  precluding  use  ror 
intended  purposes  without  major  reconstruct icn.  Salvage  and  reconstruction  would 
probably  not  be  economical  in  ordinary  times  but  might  be  -  cessary  because  of 
a  lack  of  new  materials  in  the  recovery  period. 

Because  of  differences  in  the  resulting  load  on  the  frame,  two  categories 
of  composite  structure  are  required: 

1.  Reinforced  concrete  frame  with  light  wall  coverings. 

2.  Reinforced  concrete  frame  with  heavy  wall  coverings. 

Failure  in  each  of  these  categories  includes  any  cr  combinations  of  the  following: 

1.  All  exterior  walls  and  interior  partitions  blown  out. 

2.  Severe  distortion  or  „'ol lapse  of  the  frame. 

3.  Severe  cracking  and  distortion  of  vertical  core  walls. 

It  is  expected  that  failure  of  the  light  wall  composite  structure  will  be 
controlled  by  the  iirst  of  the  above  criteria,  while  failure  of  the  heavy  wail 
composite  structure  will  be  ccncrolled  by  the  last  two  criteria. 
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TYPE  13 


Building  Description  and  Failure  Definitions 


Building  Type 

One-story  masonry,  load-bearing  wall  school  and  institutional  buildings. 
General  Description  and  Variations 

This  building  type  includes  ail  one-story  masonr., »  load-bearing  wall  schools 
and  institutional  buildings,  such  as  hospitals  and  rest  homes.  Construction  of 
this  building  type  has  been  primarily  since  World  War  II,  with  the  large  bulk 
of  schools  constructed  during  this  period  falling  in  this  category.  Exceptions 
to  this  might  be  schools  built  in  congested  areas  of  large  cities,  where  shortage 
of  space  may  make  construction  of  one-story  structures  impractical. 

Typical  layouts  include  both  single  and  double  rows  of  classrooms,  with  or 
without  a  corridor.  Typical  room  sizes  are  30  by  35  feet,  with  10-foot  ceilings. 
Large  window  areas  are  usually  prevalent  at  least  on  one  side  of  the  classroom. 

Exterior  wall  variations  include:  (l)  solid  brick,  [2;  brick  facing  on 
concrete  block,  (3,/  brick  facing  on  structural  clay  tile,  and  { -1 )  stucco  on  wood 
frame.  Pilasters  are  often  used  at  points  where  the  roof  framing  bears  on  the 
exterior  walls.  These  also  provide  lateral  support  for  the  walls. 

Interior  partitions  include:  ( 1 )  stud  frame  with  gypsum  board  cr  plaster 
covering  and  ('•*)  concrete  block  or  structural  clay  tile  with  plaster  covering. 

Roofs  are  generally  relatively  flat,  and  consist  of  a  concrete,  gypsum  plank 
or  wood  decking  supported  on  concrete  steel,  or  wood  beams  rr  steel  .joists  or 
light  trusses.  Roof  covering  is  generally  of  tlie  "built-up’  type. 

Schools  designed  for  earthquake  or  hurricane  forces  ar:  not  included  in  this 
building  type.  These  struct  ires,  which  are  of  similar  construction  but  are  prev¬ 
alent  only  in  certain  areas  of  the  corn* try,  are  more  resistant.  Also  not  included 
are  auditoriums  or  gymnasiums  that  may  bo  adjacent  to  the  above  schools. 

F  ulure  Definitions 

Doors  and  Windows 

Window  glass — cracked,  holed,  or  shattered. 

Doors — blown  off  hinges  or  shattered. 

Window  and  door  frames — substantially  removed  from  -alls. 

Exterior  Walls 

At  least  75*5  of  wall  collapsed. 

Interior  Partitions 

Frame — 50'“-  or  more  of  covering  removed. 

Masonry — collapsed  or  at  least  75^  blown  out. 
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Roof 


Failure  is  defined  as  any  deflection  amounting  to  l/20  of  longest  span. 
Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  included  in  the  general  description,  taking  into  account  variances  in  age, 
orientation,  and  environment.  Failure  is  defined  as  damage  precluding  use  for 
intended  purposes  without  major  reconstruction.  Salvage  and  reconstruction 
would  be  on  a  brick-by-brick  basis  and  would  probably  not  be  economical  in 
ordinary  times  but  might  be  necessary  because  of  a  lack  of  new  materials  in 
the  recovery  period.  Failure  includes  either  one  or  a  combination  of  the  iol low¬ 
ing: 

1.  Roof  collapse  or  gross  displacement. 

2.  Collapse  of  the  walls. 
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Building  Description  and  Failure  Definitions 

Building  Type 

Monumental  nasonry  buildings,  two  to  five  stories,  with  and  without  frames. 
General  Description 

This  building  type  includes  the  large  \arietv  of  monumental  buildings,  such 
as  courthouses,  government  buildings,  and  banks.  Thev  are  of  t»v  to  five  stories, 
and  generally  acre  constructed  before  World  War  II. 

This  type  is  characterized  by  very  thick  masonry  load- bearing  nails.  A 
frame,  the  exterior  columns  of  which  are  often  imbedded  in  the  exterior  walls, 
nay  also  be  present.  Floors  and  interior  walls  are  similarly  of  massive  con¬ 
struction.  Ofter.  the  buildings  are  ornate  in  appearance. 

Exterior  wall  variations  include:  (1)  brick,  (2)  varieties  of  stone,  (3) 
stone  facing  on  brick,  (-1)  reinforced  concrete,  an*'  (5)  artificial  stone. 

Interior  walls  are  generally  of  construction  similar  to  that  of  exterior 
walls,  although  thev  are  not  often  as  thick. 

Tvpes  of  floor  construction  vary  widely.  Variations  include  brick  and 
terr  cotta  flat-arch  rloors  with  concrete  fill  ansi  concrete  slabs  on  reinforced 
concrete  or  steel  beam  girders. 

Hoofs  may  be  either  flat  or  sloped.  Flat  roofs  are  generally  of  const ruct ion 
similar  to  that  of  the  floors.  Sloped  roofs  generally  cor.sis*  of  a  wood,  steel, 
or  concrete  decking  supported  bv  wood  or  steel  trusses.  In  some  instances,  domes 
made  of  wood,  concrete,  tile,  or  steel  t.ay  also  tie  present. 

Structural  frames  are  nsnn  used  in  conjunction  with  the  lo  d -bearing  walls 
as  interior  supports  for  the  floors  and  roof.  These  consist  of  wrought  iron  and 
cast  iron  Realtor*-  in  many  of  tin?  buildings  constructed  before  1900,  with  steel 
asliTs  generally  used  in  the  remainder  of  the  buildings.  Exterior  columns'  are 
generally  lnlicddcd  in  the  exterior  ma-onrv  walls,  vith  the  interior  columns  fiie- 
proofed  with  ma-ons v  or  cone it  ie. 

K.iiluie  Def i :<>  1  i«*Hs 

Doors  and  Windows 

Window  g]a>» — cracked,  holed,  or  shattered. 

Doors — blown  "ff  hinges  or  shattered. 

Window  and  uocr  frames — substantially  removed  i ros  wails. 
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Exterior  Walls 


At  least  75%  of  wall  c.l lapsed. 


Interior  Partitions 


Collapsed  or  at  least  75%  blown  out. 


Flat — failure  is  defined  as  any  deflection  amounting  to  1/20  of  longest 
span. 

Sloped — 75%  or  more  of  roof  trusses  failed;  gross  displacement  of  roof 
svstem. 


Floor  over  Basenent 

Failure  is  defined  as  any  deflection  anounting  to  1/20  of  the  longest  span. 
Structural  Franc 

Severe  distortion  of  the  fram*',  with  floor-to-f loer  displacements  amounting 
to  1/20  of  the  story  height.  Collapse  of  the  frat'-e  is  imminent. 


Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  included  in  the  general  description,  taking  into  account  variances 
in  age,  orientation,  and  environment.  Failure  is  defined  as  damage  precluding 
use  for  intended  purposes  without  major  reconst  ruction.  Salvage  and  reconstruc¬ 
tion  would  probably  not  be  economical  because  of  outmoded  type  of  construction. 
Failure  includes  any  or  combinations  of  the  following: 

1.  Hoof  collapse  or  gross  displacement. 

2.  Collapse  of  exterior  walls. 


3.  Severe  distortion  or  collapse  of  the  frame. 


Descrip 


lure-  De 


1U1  tiding  lype 

Masonry,  load-besri ng  gall  industrial  type  t»u:  Id  mgs .  «»iv  story  . 

Genera  1  Rescript  ion  and  lariat  ions 

'Inis  building  type  includes  all  one -story  uidust  i  la  1  type  of  buildings  ul 
susonry .  load-bearing  gall  construction.  Typical  uses  include  ssall  ■nanufa'U 
ring  companies,  aa rehouses ,  and  sow  retail  stores.  Included  m  this  category 
are  the  tilt-up"  gall  types  of  bui icings. 

Tins  type  is  vnaractenivu  by  large  open  areas.  Tvpical  bay  initlis  are 
20  feel,  a  1 1 !:  span  lengths  of  about  <>o  Jeel  being  coaaon.  Story  heights  range 
f ton  about  li  to  20  feet. 

i.Aterior  gall  variations  include:  (1)  brick.  (2>  brie*"  lacing  on  colic  re  ti 
iilock,  ' 2 )  concrete  block.  .nid  (  !)  llgall*  reinforced  concrete.  primarily  used 
1 or  tilt -up  galls. 

Masonry  pilasters  or  lignt  steel  columns  arc  useu  conjunct  ion  sitii  tilt 
masonry  galls  to  provide  lateral  support  f«>r  t nt  galls  and  also  to  provide  ad¬ 
ditional  bearing  area  for  t*i>-  roof  framing.  bight  steel  columns  nay  be  used  i 
con  June  t  lor.  g  i  t  i;  the  1 1  1 l -up  wail  type  of  construction. 

bools  .;•••■  flat  giti:  buiif-up  i  overt  *:i;s .  i«nof  •leckmgs  include;  (!)  a 
legated  metal  p.::i.  is  at  lathed  to  purlins  snannng  1>  ■tvi-i:  deep  steel  bea  s  or 
tiasses:  (2)  concrete  decking,  a  i : ::  o«  f  !:u>«l  tiller  <  r  good  ileckirg  support* 
on  gooti  Stearns . 

I'*» rt  i  l  u»:is  are  get:*- mil-  not  usee,  except  sine  cases  :■>  pro-,  me  a  s-sal 
area  foi  «*ff»ces. 

t vpt  mh'S  not  i:*c  l.i'b-  tugs  <>!  -rur  tuan  Ut>  spars,  a*,:**,  n re 

aiir  resistant  .  but  not  prev  1 1  *e 

rail  II  re  i>.  f  • :. !  t  1  oils 


i.X.ermr  ~:l  I  i  S 
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use  for  intended  purposes  sithout  =2 jor  reconstruction.  Salvage  and  reconstruc¬ 
tion  soulti  probably  not  be  economical  in  ordinary  tines,  but  might  be  necessary 
because  of  a  lack  of  nes  materials  in  the  recovery  period.  Failure  includes 
either  one  or  3  combination  of  the  following: 

1.  Hoof  collapse  or  gross  displacement. 

2.  Collapse  of  the  sails. 
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Building  Description  and  Failure  Definitions 


Building  type 

Light  steel  franc  industrial- type  buildings,  one-story. 

General  Description  and  Variations 

This  building  type  includes  the  large  variety  of  small  to  neditns  size,  one- 
story  industrial  type  of  buildings  of  light  steel  frame  construction.  Typical 
uses  include  light  industry,  repair  shops,  warehouses,  and  s one  types  of  retail 
stores. 

This  type  is  characterized  by  long  spans,  up  to  approximately  40  feet,  and 
tall  story  heights,  up  to  about  30  feet.  Common  among  this  type  is  the  "package” 
building  prefabricated  to  modular  sizes. 

Exterior  sails  are  generally  of  lightweight  construction,  consisting  of 
corrugated  steel,  corrugated  asbestos,  or  aluminum  sheet  panels  attached  to 
steel  girts  spanning  between  exterior  columns.  In  some  cases,  brick  cr  stone 
facing  say  also  be  used. 

Roofs  are  generally  sloped  with  corrugated  metal  or  asbestos  decking  attached 
to  purlins  spanning  between  trusses  or  rafters.  Variations  in  roof  shapes  include 
sawtooth  roofs  and  the  use  of  monitors,  primarily  to  provide  ventilation  and  light¬ 
ing. 

The  steel  framing  is  generally  of  the  truss-on-coluan  type,  although  more 
recently,  rigid  frame  construction  has  beer,  gaining  popularity. 

Partitions  arc  generally  not  used,  except  in  some  cases  to  provide  a  small 
area  for  offices. 

This  type  does  not  include  industrial  buildings  with  cranes,  which  arc  in¬ 
cluded  in  onc-storv.  heavy  steel  frame  industrial  buildings.  It  also  does  not 
include  the  self-framing  buildings,  which  arc  generally  less  resistant,  but  are 
not  prevalent. 

Failure  Definitions 

Windows 

tfindow  glass-cracked ,  holed,  or  shatter. d. 

ttindos  frames — substantially  removed  from  walls. 

Exterior  Sails 

Panels  disengaged  froo  fasteners:  at  least  75>  of  eall  covering  blown  off. 

Hoof  Covering 

Panels  disengaged  t roa  fasteners:  a*  least  751  of  roof  covering  blown  off. 
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Structural  Frame 


Severe  distortion  of  the  frame,  nith  lateral  displacements  of  the  roof  on 
the  order  of  1/10  of  the  story  height.  Collapse  of  the  frame  is  imminent. 
Failure  is  generally  a  function  of  the  coluan  strength,  with  the  roof  fram¬ 
ing  experiencing  only  minor  damage  until  collapse  occurs. 

Composite  Structure 

The  composite  structure  is  defined  as  the  average  structure  among  the  various 
types  of  buildings  included  in  the  general  description,  taking  into  account  vari¬ 
ances  in  age,  orientation,  and  environment.  Failure  is  defined  as  damage  preclud¬ 
ing  use  for  intended  purposes  without  major  reconstruction.  Salvage  and  recon¬ 
struction  -ould  probably  not  be  economical  in  ordinary  tines,  but  night  be  neces¬ 
sary  because  of  a  lack  of  nen  materials  in  the  recovery  period.  Because  of  the 
relatively  large  distinction  betseen  failure  of  the  nail  and  roof  coverings  and 
ihe  structural  frame,  failure  of  the  composite  structure  is  taken  as  being  synony¬ 
mous  nith  failure  of  the  structural  frame. 


TYPE  IT 


Building  Description  and  Failure  Definitions 


Building  Type 

Heavy  steel  frame  industrial-type  buildings,  one  story . 


Genera I  Description  and  Variations 

This  building  type  includes  all  one- story,  heavy  steel  frame  industrial 
buildings  vith  up  to  100-ton  crane  capacity  and  also  all  large  nultihay,  ssilti- 
span,  one-story,  heavy  steel  i race  .ndustrial  buildings  viihout  cranes.  These 
buildings  are  prisari ly  used  in  heavy  manufacturing  and  are  principally  located 
in  industrial  areas  of  larger  cities. 

This  type  is  characterized  by  one  or  more  bays,  each  site  one  or  core  spans 
typically  40  feet  in  length,  and  by  tall  story  heights,  up  in  about  60  feet. 
Included  among  this  type  are  the  heavy  framed  "package""  structure,  prefabricated 
nodular  units,  several  of  xhich  nay  be  combined  in  a  single  structure. 

Exterior  vails  arc  generally  of  1 ightveight  construction,  consisting  of 
corrugated  steel,  corrugated  asbestos,  or  aluminum  sheet  panels  attached  to 
steel  girts  spanning  betveen  exterior  columns.  In  some  cases,  brick  or  stone 
facing  nay  also  be  used. 

Hoofs  are  generally  sloped  -ritfc  corrugated  metal  or  asbestos  decking  at¬ 
tached  to  purlins  spanning  between  truises  or  rafters.  Variations  in  roof  shapes 
include  savtooth  roofs  and  the  use  of  monitors.  primarily  to  protide  ventilation 
and  lighting. 

The  steel  framing  is  generally  of  the  tr*tss-on-coluaa  type,  although  more 
recently,  rigid  frame  construct  ion  has  been  gaining  popularity.  Columns  are 
used  to  support  crane  rails  and  are  therefore  very  heavy. 


Failure  i»efi  nit  ions 
Xjs-.dois 

•iudor  glass— cracked,  holed,  or  shattered. 

- i ::do-.  f razes — substantially  removed  from  vails. 


Exterior  tt-1  Is 

Panels  disengaged  from  fasteners;  at  least  :5'.  of  sail  covering  biosa  off 


Hoof  Cover .ng 

Panels  disengaged  from  fasteners;  at  least  T5*l  of  roof  covering  hlovn  off 
Structural  Frame 

Severe  distort  Ion  of  the  frase.  vith  lateral  di splacements  of  the  roof 
sn  the  order  of  1  lo  of  the  story  height.  Collapse  of  the  frame  is 
imminent.  Failure  is  generally  a  function  of  the  c-,»i ur<;  strength,  vs th 
the  roof  framing  experiencing  only  minor  damage  until  collapse  occurs. 
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Composite  Structure 


The  composite  structure  is  defined  as  the  average  structure  among  the 
various  types  of  buildings  included  in  the  general  description,  taking  into 
account  variances  in  age,  orientation,  and  environment.  Failure  is  defined 
as  damage  precluding  use  for  intended  purposes  without  major  reconstruction. 
Salvage  and  reconstruction  would  probably  not  be  economical  in  ordinary  times, 
but  might  be  necessary  because  of  a  lack  of  new  materials  in  the  recovery  period. 
Because  of  the  relatively  large  distinction  between  failure  of  the  wall  and  roof 
coverings  and  the  structural  frame,  failure  of  the  composite  structure  is  taken 
as  being  synonymous  with  failure  of  the  structural  frame. 
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PROGRAM  FOR  ESTIMATING  CUMULATIVE  PROBABILITY  OF 
FAILURE  AS  A  FUXCTION  Or  AX  AIR  BLAST  PARAMETER 


R£*4****%****«*«-«*  ************************  ************£  **•«*«  ** 

REM 

REM  BETA  —  PROGRAM  F3R  ESTIMATING  CUMULATIVE  PROBABILITY 
REM  3F  FAILURE  VALUE?  USING  THE  BETA  PROBABILITY 

REM  DISTRIBUTION  FUNCTION  fT  =  8> 

REM 

REM  PROGRAMMED  BY  JAMES  L.  B0CMH3LT 

REM 

REM  JULY  1971 

REM 

REM  THIS  PROGRAM  IS  BASED  ON  THE  PROCEDURE  GIVEN 

REM  IN  SECTION  III  FOR  ESTIMATING  THE  PARAMETERS 

REK  OF  THE  BETA  DISTRIBUTION  FUNCTION  AND  CALCU- 

REM  LATING  THE  CORRESPONDING  ClMULATIVE  PROBABILITY 

REM  OF  FAILURE  VALUES-  LEAST- SQUARES  POLYNOMIALS 

REM  WERE  DETERMINED  FOR  THE  CURVES  IN  FIGURES  3  AND 

REM  4  USING  STANDARD  REGRESSION  ANALYSIS  PROGRAMS. 

REM  IN  ADDITION,  A  ROUTINE  WAS  DEVELOPED  TO  PLOT  THE 

REM  CUMULATIVE  PROBABILITY  OF  FAILURE  VALUES  VERSUS 

REM  THE  AIR  BLAST  PARAMETER. 

REM 

REM  THIS  PRO  13? AM  IS  WRITTEN  IN  AN  ADVANCED  VERSION 

REM  OF  "BASIC**  TIME- SHARING  LANGUAGE-  IT  HA?  peEN 

REM  CHECKED  AS  THOROUGHLY  A«  POSSIBLE,  PUT  THE  USER 

»EM  ASSUMES  RESPONSIBILITY  FOR  ANY  RESULTS  OBTAINED. 

REM 

R £««**********•*•**•♦*•*****•*****«««*••*.£*«******•**•*«**««* 

REM 

DIM  YC  I001,TSt25J 

REM  INPUT  ESTIMATED  FAILURE  VALUES 

PRINT  LIN< 1)1 "INPUT  MOST  uIKELT  VALUE  OF  FAILURE"! 

INPUT  Y2 

PRINT  "INPUT  LOWEST  REASONABLE  VALUE  <1CT>  OF  FAILURE"! 

INPUT  Y1 

PRINT  "INPUT  HIGHEST  R  EASON  AIM.  E  VALUE  <90T>  OF  FAILURE”! 

INPUT  Y3 
REM 

REM  CALCULATE  VALUES  3F  R  <USING  LEAST-SQUARES  POLYNOMIAL 
REM  OF  CURVE  IN  FIGURE  3) 

R1*Y3-Y1 

R2*(Y2-Y1)/R1 

IF  R2»  *  5  THEN  188 

R3=R2 

G3T3  190 

R3“ 1 -R2 

R0*1 . 23243*. 719704*R3*J 1 . 9325*R3» 2- 4. 60697*R3» 3 
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192  IF  R2»*5  THEN  198 

194  R*R0 

196  G0T9  200 

19B  3=8-30 

200  C1=2.33*S1 

202  Y0=Y2-.388*CR-13*R1 

20  4  3 EH 

206  3 EH  CALCULATE  CUMULATIVE  PR2BABILI TY  3F  FAILURE  VALUES 
208  REM  (USING  LEAST-SQUARES  POLYNOMIALS  8F  CURVES  IN  FIGURE  43 
210  YC 103=YO+C1*(-.04570S*4.46238E-02*R+9.06293E-03«R»R> 

212  YC203=YO+C1»C-S.9J302E-02*7.73782£-02«R*6.20046E-03*R*R> 

214  YC303=Y0*Cl*C-5.B3442E-02*9.90  383£-02*R*4.  1  7249E-03*R*R> 

21 6  YC  403=Y0*Cl*<-5. 44237E-G2*. 1 1 91 6S*R+ 1 .97669£-03*R*R> 

218  YC503=Y0*C1*(-4.2691 IE-02*.  13S673*R> 

220  R4=8-R 

222  YC  603=Y0*C1*( 1-C-S. 44237E-02*. 1 191 68*34* 1 . 97669E-03*R4*P43 3 
224  YC  703=Y0»C1*C l-C-5.83442E-02*9.90383E-02*R4+4. 1 7249E-03»R4*R4> 3 
226  YC  803  =Y0*C1*  < 1 - C- S. 91 3G2E-02* 7. 737R2E-02*R4*  6. 20046E-03*R4«R4 J ) 
228  YC903=rO*Cl*Cl-(-.0  45  705*4.46238£-02*R4*9-0629E-03*R4»R4>  3 

230  YC1003=YO*C1 

232  REM 

234  OEM  OUTPUT  BETA  DISTRIBUTION  FUNCTION  PARAMETERS  AND 

236  REM  TABLE  0F  CUMULATIVE  PROBABILITY  3F  FAILURE  VALUES 

238  PRINT  LINC23»"BETA  PROBABILITY  DISTRIBUTION  FUNCTI3N  ANALYSIS" 

240  PRINT  " - ~ 

242  PRINT  USING  260* YO 

244  PRINT  USING  262* R#YC 1003 

246  PRINT  LIN(23# "PROBABILITY  0F  FAILURE  AIR  BLAST  PARAMETER" 

248  PRINT  SPA(9J»"CXJ",SPA<2I)»"CPSI>" 

250  PRINT  " -  " 

252  PRINT  USING  264*  0#Y 0 

254  FOR  I=1C  TO  100  STEP  10 

256  PRINT  USING  264* I, YC 13 

258  NEXT  I 

260  IMAGE  4X  >  "T  =  8- 00”»8X»  "LCW-R  END  POINT  =  "»DDD.DD 
262  IMAGE  4X»**R  CD* DD* 8X» "UPPER  END  POINT  =  ~,DDD.DD 
264  IMAGE  SX#4D»21X*PD0.DD 

266  REM 

268  REM 

270  REM  PLOT  CUMULATIVE  PP0 BARILITY  OF  FAILURE  VALUES  VERSUS 

272  REM  AIR  BLAST  PARAMETER  (GOOD  FSR  Y(100>  <  =  283 

274  PRINT  LIN(33 

276  FOR  1=1  T3  22 

278  READ  7SCI3 

2S0  NEXT  I 

282  OATA  "P","R","0"»"B”»"A",**3"*"I"»T.”#”I"*"T"»"Y" 

284  DATA  "  "*~0"#"F"#"  "»  "F"»  "A**»  "I  "»  ”U”»  **R"»  "E” 

286  ZS="." 

288  REM 


120 


290 

292 

294 

296 

298 

300 

302 

304 

306 

308 

310 

312 

314 

316 

318 

320 

322 

324 

326 

328 

330 

332 

334 
336 

335 
240 


REM  CALCULATE  INTERMEDIATE  VALUES  3F  CUMULATIVE 

REM  PROBABILITY  3F  FAILURE  USING  S£C0ND-9s?D£R 

REM  INTERPOLATION  FORMULA 

Fl=YE 1G3-Y0 

F2*Yt  20] -24YC 101-YO 

YC53=Y0*.S*F1-.  12S*F2 

F8R  J= 1 0  T9  40  STEP  10 

Fl=Yt J* 103-YC J3 

F2=YCJ*203-2*Y£J+103*YtJ3 

YCJ+53=YCJ3+.S*F1-. !25*F2 

NEXT  J 

F3R  J=50  T8  ICO  STEP  10 
F1=YCJ"103-Yf J3 
F2=YCJ“203-2*YCJ-103*YC J3 
YCJ-53=YCJ3*.S*Fl~.  125*F2 
NEXT  J 
REM 

REM  DETERMINE  VALUE  3F  HORIZONTAL  IVTEPVAL  (Dl>  A SC 

RS-  NUMERICAL  INCREMENT  F8R  AXIS  LABEL  CN1 

IF  Yt 1003*2  THEN  336 

Dl=.05 

N=1 

G3T3  364 

IF  YUC03*5  THEN  344 

Dl  =  .  I 

N=1 


342 

344 

346 

348 

350 

352 

354 

356 

358 

36© 

362 

364 

366 

368 

370 

372 

374 

376 

378 

380 

382 

384 

386 


G3T3  364 

IF  YC 1001* 11  THEN  352 
Dl  =  -2 

N=1 

G3T0  364 

IF  YC  1003*1*  THEN  360 

Dl=.25 

N=2 

G3T3  364 
01*.  5 
N=2 


Ni«N*IHT<YC 1003/N*! J 


REM 

REM 

REM 

S*0 


PL8T  VERTICAL  AXIS  LABELS  AND  CUMULATIVE 
PROBABILITY  3F  FAILURE  VALUES 


DEF  FNGfX>»IMT(Y7/D1^.5)*14 
F0R  1=1 OG  T3  10  STEP  -10 
Y7=rCI3 


3=S*i 

IF  1=50  THEN  388 

PRINT  TSCS*S3*TABt8)Jl»TABf  14:»"*-iTALtFNGCxJ>l2S 
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38  S  PRINT  TSTS>S3*"  CS3  “*  TASC83  J  I  *  TABC  i  43? '•♦"JTABCFNGCXS  )  JZS 
390  Y7=Y£I-S3 

392  S=S*1 

394  IF  EN6CX3  <=  0  THE?*  400 

396  PRINT  TS£  S*  S3*  TABC  1  43?  ****** TABCFNGCX3  3*  ZS 

398  G3T3  «08 

400  IP  PNGfXXO  THEN  406 

402  PRINT  TS£S#S3*TABC143?ZS 

404  G3T3  408 

406  PRINT  TS£S#  S3*  TABC  143  ?**♦•* 

4Q8  NEXT  I 
410  REX 

412  REN  PLOT  H3RIZ8NTAL  AXIS  LABELS 
414  Y7=Y0 

416  S=S*1 

418  PRINT  T5CS. S3* TABC  103*  "O'** TABC  143 1 
420  IP  FMGCX3=0  THEN  426 
422  PRINT  **C-‘** 

424  G3T3  428 

426  PRINT  ZSt 

428  N2-N  JSDi 

430  F3R  I=!  T8  N2 

432  IT  FNGCX3=I*14  THEN  43S 

434  PRINT  ****** 

436  G273  440 

438  PRINT  ZS* 

440  NEXT  I 

442  PRINT 

444  5*5* 1 

446  PRINT  7S£S»S3J 

448  F3R  1=0  7@  N I  STEP  N 

450  IP  1*9  THEN  458 

452  INAGE  4*0 

454  PRINT  USING  452* TABC  14*1/01 3*1 
456  G3T0  460 

458  PRINT  USING  452* TABC 14*1/013* INTCI/103 
460  NEXT  I 

462  PRINT 

464  IP  N!<10  THEN  474 
466  FOR  1=10  70  N 1  STEP  N 

463  PRINT  USING  452*  TABC  1 4*1/01  3#  I- 1 0*I-VTCI/  103 
470  NEXT  I 

472  PRINT 
474  PRINT 

476  PRINT  TABC253*  **AIR  BLAST  PARAMETER  CPS!  3” 

478  PRINT  LINCS3 
480  STOP 
482  END 


INPUT  *3 ST  LIKELY  VALUE  8F  FAILURE? 4.0 

INPUT  L8  WEST  REASONABLE  VALUE  <10S>  3*  FAILURE72.  5 

INPUT  HIGHEST  SEASONABLE  VALUE  <90X>  8F  FAILl®£?6.5 


BETA  PR98A9ILITY  DISTRIBUTION  FUNCTION  ANALY5 I 5 


T  =  8-00 
R  *  2.94 


LCVER  END  MINT  =  0*99 

UPPER  END  MINT  =  10.31 


PR3BASILITY  OF  FAILURE 
CD 


AIR  BLAST  PARAMETER 
cpsi  > 


0 

0.99 

1C 

2.52 

20 

3.06 

30 

3.50 

40 

3.91 

SO 

4.31 

60 

4.  73 

70 

S.  !9 

80 

5.73 

90 

6.47 

100 

10.31 

iCO 

•* 

• 

♦ 

• 

90 

• 

♦ 

• 

80 

* 

« 

♦ 

• 

70 

♦ 

• 

♦ 

• 

60 

♦ 

• 

♦ 

* 

50 

♦ 

« 

♦ 

40 

♦ 

* 

♦ 

• 

30 

♦ 

• 

♦ 

• 

20 

♦ 

• 

♦ 

• 

10 

♦ 

• 

♦ 

* 

0 

0  •  ♦♦  ♦< 

01234S67SS1  1 


AIR  BLAST  PARAMETER  CPSI> 
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Appendix  C 

R  BLAST  PARAMETER  CHARTS  FOR  3-Mt  EXPLOSIONS 


Pnetflu  pan  to* 


USE  OF  AIR  BLAST  PARAMETER  CHARTS 
Exas^>le  -  5-Mt  Surface  Burst 

Step  I  -  Select  desired  value  of  peak  overpressure  (p). 
Construct  horizontal  line  Q  intersecting  peak  overpressure 
curve.  (Example  -  5  psi*1 

/  *v 

Step  2  -  Construct  vertical  line  \2t  from  previous  inter¬ 
section,  intersecting  other  paraseter  curves  and  distance 
scale.  Read  distance  to  v'nich  the  value  of  peak  over¬ 
pressure  extends.  (Exasple  -  4.6  ailes) 

Step  3  -  Fros  intersection  of  vertical  line  and  reak  dynaaic 
pressure  curve,  construct  horizontal  line  ^3^  to  left  scale 
and  read  value  of  peak  dynanic  pressure.  (Exanple  -  0.74  psi 

Step  4  -  Fros  intersection  of  vertical  line  and  peak  vind 
velocity  curve,  construct  horizontal  line  (4j  to  right  scale 
and  read  value  of  peak  -ind  velocity.  (Example  -  160  sph) 

Step  5  -  Fros  intersection  of  vertical  line  and  positive 
phase  duration  curve,  construct  horizontal  line  (3^  to  right 
scale  and  read  value  of  positive  phase  duration.  (Exaspie  - 
5.4  secs’ 


Mi  pip  Mai 
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PEAK  OVERPRESSURE  <p)  IN  psi  AND 
HORIZONTAL  COMPONENT  OF  PEAK  DYNAMIC  PRESSURE 


i1*] 


DISTANCE,  d  —  miles 


SA-6300-133 


FIGURE  C-2  AIR  BLAST  PARAMETERS  VERSUS  GROUND  DISTANCE,  5-Mt  AIR  BURST 
AT  14.500  feet  HOB 


PEAK  HORIZONTAL  WIND  VELOCITY  (u)  IN  MILES  PER  HOUR  ANO 
POSITIVE  PHASE  DURATION  It.)  IN  SECONDS 


